LIBRARY 


CALLESE OF ENGINEFRING 
OURNAL OF 


ENGINEERING 
EDUCATION 


64th Annual Meeting—Part II 

Do You Know 

Research Needs in Engineering H. H. Work 
Humanistic-Social Report E. S. Burdell 
Management and Operations Research M. M. Flood 
The Impact of Modern Physics W. L. Everitt 
Science and Engineering Education R. B. Adler 
Engineering Enrollments and Their Problems R. J. Martin 
The Faculty Crisis—What Colleges Can Do W. G. Van Note 
The Scientist-Engineer E. P. Stevenson 


Additional Committee Reports 
Atomic Energy; ASEE Financial Policy 
RWI Faculty Migration Study 
Publications; RWI; Ethics; Resolutions 


ASEE Committces 
Society Committees, 1956-57 
Officers of Divisions 


Officers of Sections 


Award Rules 
Lamme; ECRC (Bendix and Curtis McGraw) 
Westinghouse; James McGraw 


Departments 
Graphic Science 179 Teaching Positions 
New Members 181 Section Meetings; Calendar 


(Complete Table of Contents on page 97) 


THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


OCTOBER, 1956 Vol. 47, No. 2 


— 4 
98 
100 
103 
106 
113 
121 
129 
: 
147 
154 
157 
164 
173 
183 
185 
ix 
q 
FEE 


THE ELEMENTS OF 


EFFECTIVE MANAGEMENT 


By JAMES L. LUNDY, Lecturer in Mechanical Engineering, 
Industrial Engineering Division, University of Minnesota 


In addition to explaining what must be done—and more important, why it 
must be done—this book describes the basic features involved in effective 
management. Current philosophies and techniques in industrial engineering 
are set forth with a concern for the advantages and disadvantages of each. 
Designed for a basic course in Industrial Organization and Management, the 
32 chapters are logically and lucidly written, with human relations problems 
consistently highlighted. 


Available Spring 1957. 


TRANSMISSION CIRCUITS 


By EVERARD M. WILLIAMS and JAMES B. WOOD- 
FORD, JR., Professor and Head of Department, and Assistant 
Professor of Electrical Engineering, both at Carnegie Institute 
of Technology 
Intended primarily for a course in transmission line theory, this text presents 
fundamentals and applications with a minimum of technological detail. The 
book gives thorough coverage on network and conductor systems for energy 


and information transmission, proceeding from a statement of basic theory 
to its applications in power, wire signal, and high-frequency transmission. 


Available Spring 1957. 


MATERIALS AND PROCESSES 
IN MANUFACTURING 


By E. PAUL DE GARMO, Professor of Industrial Engineer- 
ing, University of California, Berkeley, co-author of ‘‘Introduc- 
tion to Engineering Economy” 


Well-known for his own Materials and Processes course at Berkeley, the author 
translates his experience in the field into a practical text acquainting the 
student with the advantages and limitations of all common manufacturing 
processes. Emphasis is on the relation of these processes to the final product 
and on the planning and cost factors involved. The text is effectively sup- 
ported by the exceptionally large number of illustrations, each of which 
functions as a definite learning aid. 


Available January 1957. 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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LEADING TEXTS 


Mechanics of Materials 


F. E. H. A. DoERINGSFELD 


In this recently published text, already widely adopted, 
the authors have been remarkably successful in keeping the 
student’s point of view constantly in mind; in focusing the 
attention of the student on fundamental principles; and in 
encouraging the student to develop the habit of making his 
own analysis of problems. 

Outstanding features: (1) all beam-deflection methods 
presented, in such a way that any one of them may be 
taught exclusively; (2) extended treatment of superposi- 
tion and Mohr’s circle of stress; (3) over 800 problems. 


1955 514 pages $6.00 


Statically Indeterminate Structures 


CLiFForD D. WILLIAMS 


In approaching his subject, the author decided to 
present only those methods which he had found to be fun- 
damental in obtaining a working knowledge of the subject. 


The objective in developing material for the text was 
threefold: (1) to secure continuity of principles through- 
out; (2) to impress the student with the simplicity of the 
principles; and (3) to provide the student with enough 
practice, by means of varied problems, to give him a feel- 
ing of having a working knowledge of the principles. 


1951 (3d ed.) 395 pages - $5.00 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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ARCHITECTURAL GRAPHIC STANDARDS, 5th Edition 


By CHARLES G. RAMSEY, 4.J.4., and HAROLD R. SLEEPER, 
F.A.I.A. At least 75% of all the pages are new or revised in the fifth 
edition of this classic. Eight major classes of items have been added: 
design of plank and beam framing; curtain walls; pneumatic tubes; elevators 
and escalators; design of special fireplaces; comparative costs of roof cover- 
ing; furniture and equipment; and tile and its correct usage. The index, 
comprised of nearly 6000 entries and 10,000 page references, has been modi- 
fied and clarified by a change in format. In addition, the entire order and 
make-up of the book have been rearranged for greater usefulness. /956. 
758 pages. College edition. $15.75. 


ELEMENTS OF GASDYNAMICS 


By H. W. LIEPMANN and A. ROSHKO, both of the California Institute 
of Technology. The first of two volumes written to replace Liepmann and 
Puckett’s Introduction to Aerodynamics of a Compressible Fluid. This book 
concentrates on the basic fundamentals of gasdynamics. Applications are 
discussed only when necessary for understanding of theory. Concise but 
comprehensive, the work covers thermodynamics, gasdynamics, basic equa- 
tions of motion, fundamentals of high-speed aerodynamics, experimental 
methods, and viscous flow. A publication in the Galcit Aeronautical Series, 
Theodore von Karman and Clark B. Millikan, editors. Ready in Fanuary. 
Approx. 406 pages. Prob. $8.50. 


CIRCUIT THEORY AND DESIGN 


By JOHN L. STEWART, California Institute of Technology. Avoiding 
abstract mathematics, this new text applies modern network theory to the 
understanding of vacuum tubes and feedback systems. Pole-zero design 
methods, founded on easily-grasped pictorial representation, are employed 
extensively. They are used by the author in developing design methods 
for a large variety of circuits, both with and without vacuum tubes, and 
for systems with and without feedback. 1956. 480 pages. $9.50. 


SEWAGE TREATMENT, 2nd Edition 


By KARL IMHOFF, Consulting Engineer; and GORDON MASKEW 
FAIR, Harvard University. Entirely rewritten, this work now includes all the 
most recent developments. Included among the new processes discussed 
are step aeration or distributed loading in the activated-sludge process, and 
continuous loading and unloading of sludge digesters with thickened sludge. 
As in the previous edition, the authors avoid the use of calculus and elaborate 
drawings. Rather, they employ simple arithmetical calculations. The 
general nature of structures and mechanisms commonly used are outlined 
in a simple but authoritative manner. Ready in November. Approx. 346 
pages. Prob. $7.50. 


Send today for examination copies. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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VACUUM TUBE CIRCUITS AND TRANSISTORS 


By LAWRENCE BAKER ARGUIMBAU; with Transistor contributions 
4y RICHARD BROOKS ADLER, The Massachusetts Institute of Technology. 
This new book—an extension of Arguimbau’s well-known Vacuum-Tube 
Circuits—includes up-to-date material on such topics as transistors, fre- 
quency modulation, inverse feedback, and noise. Fundamental principles 
are emphasized throughout the text. /956. 646 pages. College Edition, 
$8.75. 


ON HUMAN COMMUNICATION 


By COLIN CHERRY, University of London. Discusses the relation- 
ships existing between such communication sciences as linguistics, cyber- 
netics, psychology, semantics, and phonetics. The author analyzes the 
work done so far in these areas, shows how they are moving toward unifica- 
tion, and points out the extent to which controversy and difference of 
opinion tend to keep them apart. Ready in December. Approx. 356 pages. 
Prob. $7.50. 


ROCKET PROPULSION ELEMENTS, 2nd Edition 


An Introduction to the Engineering of Rockets 


By GEORGE P. SUTTON, North American Aviation, Inc., and Univer- 
sity of California, Los Angeles. Revised to include a broader treatment of 
basic elements and technical problems, plus a more complete description of 
physical mechanisms, applications, and design of rocket propulsion systems. 
Approximately 60% larger than the first edition. 1/956. 483 pages. Col- 
lege Edition, $8.75. 


IRRIGATION ENGINEERING 


Volume II: Projects, Conduits, and Structures 


By IVAN E. HOUK, Consulting Engineer. Covers the principles and 
practical considerations of promoting, planning, constructing, and settling 
irrigation projects. The author gathers together material previously scat- 
tered through technical articles and includes much information not available 
elsewhere. The volume is complete in its treatment of large gravity irriga- 
tion projects and their storage systems. Included are illustrative data and 
designs for actual irrigation features—presented in tables, detail plans, dia- 
grams, and photographs. /956. 531 pages. College Edition, $12.00. 


Volume I: Agricultural and Hydrological Phases. /95/. 545 pages. 
College Edition, $8.50. 


Send today for examination copies. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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A special TV event for teachers and students 


“Our Mr. Sun’ 


On November 19, the Bell Tele- 
phone System will present the first in 
a special new series of thrilling TV 
science dramas. “Our Mr. Sun” was 
produced and directed by Academy 
Award-winner Frank Capra. 


“Our Mr. Sun” is a new kind of TV 
entertainment—a dramatic one-hour 
story of the sun, and how it affects all 
life on earth. Imaginative photog- 
raphy and ingenious animation com- 
bine to bring you a film of unusual 
appeal. Material was gathered from 
all over the world and four years went 
into the making. 


In the interest of accuracy, five 
well-known scientists helped develop 
the program, which was reviewed and 
approved by a distinguished Scien- 
tific Advisory Board. 

Your students—and colleagues—will 
want to see “Our Mr. Sun.” Tell them 
about it in advance...and remind 
them again on Monday, November 19. 


Tune in this special sci telecast on the 
CBS-TVY Network, 10 to 11 P.M., 
E.S.T., November 19, 1956. Check 
local listings for time and station. 


Brought to you by the Bell Telephone System 
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NEW & FORTHCOMING BOOKS 


PROFITABLE RADIO TROUBLESHOOTING 
By — MARCUS and ALEX LEVY. 326 pages, $5.95 (text edition 
available 
Here are practical methods for meeting with front-line problems of dealing with 
customers and their set troubles. The book tells how to get to the root of radio set 
failures in the quickest way possible—both by interpreting the customer’s descrip- 
tion of the trouble and by expert accurate troubleshooting. The student is given 
practical skill in using the signal generator, vacuum-tube voltmeter, and oscillo- 
scope as time and labor-saving instruments. 


ELECTRONICS FOR COMMUNICATION ENGINEERS 
Edited by JOHN MARKUS and VIN ZELUFF. 624 pages, $10 00 

A compact volume which makes available to design engineers, radio communica- 
tion engineers, and television and radar engineers 252 carefully-selected articles 
covering 16 important electronic fields with a wealth of design equations, charts, 
nomographs, tables, data, etc. as presented in Electronics. Topics include ampli- 
fiers, antennas, audio, cathode-ray tubes, components, electronic music, filters, 
microwaves, oscillators, propagation, pulses, receivers, transmission lines, and 
transmitters. 


PULSE AND DIGITAL CIRCUITS 
By JACOB MILLMAN, Columbia University; and HERBERT TAUB, The City 
College of New York. McGraw-Hill Electrical and Electronic Engineering 


Series. 712 pages, $12.50 

Provides a description and an analysis of the circuits and techniques common 
to many of the newer fields of electrical engineering. Begins with an analysis of 
the response of linear networks, both active and passive, to the types of waveforms 
commonly encountered in pulse circuits. Basic nonlinearities of tubes and semi 
conductor devices are described and then the effects of these on waveform trans- 
mission are studied. Fundamental waveforms generating circuits are analyzed in 
detail. Finally, the basic building blocks are assembled into pulse and digital 
systems such as radar, television, digital computers. 


REACTOR SHIELDING DESIGN MANUAL 
Edited by THEODORE ROCKWELL Ill, U.S. Atomic Energy Commission. 
488 pages, $6.00 
An engineering treatment showing how to design practical reactor shields, largely 
based on methods and data used for and tested on actual power-reactor shields. 
Deals with such subjects as basic processes, determining allowable radiation levels, 
shielding the reactor core and the cooling system, shield engineering, the effect of 
irregularities in shield, and the effect of geometry of radiation source. Takes into 
account the influence of plant layout, structure, and maintenance upon design. 


ESSENTIALS OF TELEVISION 
By MORRIS SLURZBERG, Henry Snyder High School, Jersey City, N. J.; 
WILLIAM OSTERHELD, William L. Dickinson High School, Jersey City, N. J.; 
and ELMER VOEGTLIN. 704 pages, $8.50 (text edition available) 
A comprehensive text on the theory and applications of basic electrical and vacuum 
tube circuits to television receivers. The basic principles of television are first intro- 
duced, followed by a detailed description of the theory and operation of the various 
sections of the receiver, and finally a complete circuit analysis of three commer- 
cial black-and-white receivers, color television theory and receiver circuits, includ- 
ing one of the latest RCA color receivers, and uhftuners. There are 727 questions; 
485 problems which illustrate applications of the theory to actual practical circuits; 


and over 450 illustrations. f 
Send for copies} apt 


MeGaaw- HILL 
330 West 42nd Street : 
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from McGRAW-HILL jb fill! 


INDUSTRIAL ENGINEERING HANDBOOK 


Edited by H. B. MAYNARD, President, Methods Engineering Council. 1440 
pages, $14.50 
A broad, practical, authoritative treatment of the whole scope of industrial engi- 
neering and its procedures and techniques. All practices from the long-accepted 
techniques like motion and time study to the modern linear programming and auto- 
mation are explained. Covers procedures used directly by industrial engineers. Hu- 
man and industrial relations problems are also discussed and their problems clarified. 


MANAGEMENT ACCOUNTING FOR PROFIT CONTROL 


By I. WAYNE KELLER, Controller, Armstrong Cork Co. McGraw-Hill Ac- 
counting Series. IN PRESS 

This new text describes the ways that cost accounting can best be used to maximum 
profits within a company. Presents coordinated cost accounting and budgetary 
planning and control procedures which the management accountant uses to guide 
management in their decision making. It emphasizes the relationship of the effects 
of income, cost, and capital on the profit of an enterprise. Techniques are presented : 
for planning and controlling these three determinants of satisfactory profits, for i 
reporting actuals in comparison with plans, and for analyzing and interpreting de- 
viations from the plans. 


CONTRACTS, SPECIFICATIONS, AND ENGINEERING 
RELATIONS 


By DANIEL W. MEAD, HAROLD W. MEAD, Mead and Hunt Incorporated; and 

JOSEPH R. AKERMAN, University of Wisconsin. McGraw-Hill Series in En- 

gineering. 427 pages, $7.00 
Revision of a leading text for the senior course in Contracts (or Engineering Law). 
Combines many other subjects with major emphasis on law, contracts, and speci- 
fications. Acquaints the student with the nature of engineering practice, the scope ; 
of engineering ethics, the general requirements of contracts, and the requirements 
for the preparation of engineering specifications. The use of good English is 
emphasized, with stress on the writing of technical reports and business letters. 


BASIC ELECTRICAL PRINCIPLES 
By MAURICE G. SUFFERN. New Second Edition. 464 pages, $4.00 


A basic textbook on fundamental principles of electricity for electrical trades students. 
Presented as simply as possible, with the aim of giving students the background 
needed for training in specific electrical fields. No previous knowledge of elec- 
tricity or related subjects is required. Essentially the book is practical, and con- 
tains well-illustrated, down-to-earth discussions that are easy to read and under- 
standable. Many new photographs of electrical appliances and equipment showing 
practical application of electrical theory are included. 


ELEMENTS OF PARTIAL DIFFERENTIAL EQUATIONS 


By IAN N. SNEDDON. University College of North Staffordshire. /nterna- 

tional Series in Pure and Applied Mathematics. IN PRESS 
This’sound and comprehensive text presents the elements of the theory of partial 
differential equations in a form suitable for the use of students and research workers 
whose main interest in the subject lies in finding solutions of particular equations 
rather than in the general theory. It covers such topics as ordinary differential 
equations in several variables and the use of Caratheodory’s theorem in the founda- 
tions of thermodynamics; first order equations with applications to physics and 
biology; and higher order equations. 


approval 


BOOK COMPANY 
New York 36, N. 
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UNIT OPERATIONS OF CHEMICAL ENGINEERING 
By WARREN L. McCABE, Polytechnic Institute of Brooklyn ; and JULIAN SMITH. 


Cornell University. McGraw-Hill Series in Ch 


ing. Ready for 
Second Semester classes. 


This new text, designed for undergraduate students in the jnuior or senior year who 
have the usual training in mathematics, physics, and mechanics, covers the unit 
operations of chemical engineering from both a practical and theoretical standpoint. 
Each unit operation is given separate treatment. The text also covers fluid mechanics, 
flow of heat, and mass transfer, each giving scientific and theoretical foundations for 
several operations. The treatment of such topics as measuring instruments, mass 
transfer, and the treatment of solids is unique. Most of the 500 figures are drawn 
especially for the text. 


AIR POLLUTION HANDBOOK 


Edited by PAUL L. MAGILL, FRANCIS R. HOLDEN, and CHARLES ACKLEY, 
Stanford Research Institute. 712 pages, $15.00 


A practical handbook offering helpful theoretical, technical, and practical information 
on the problem of air pollution, its causes, effects, and controls. The wide range of 
treatment includes the science of air pollution, the effects on plants and animals, and 
the various corrective techniques. Here are the pertinent facts needed by all types 
of readers concerned with determining the nature, extent, and effect of air pollution 
in specific situations, and in carrying out effective measures for abatement. 


INTRODUCTION TO ELECTRICAL ENGINEERING 
By GEORGE V. MUELLER, Purdue University. New Third Edition. Ready for 


Second Semester classes. 


A straightforward revision presenting the fundamental principles of electric and mag- 
netic circuits and fields. It treats the laws and theorems applicable to d-c circuits 
having constant resistances; the resistivities of various materials and the affect of 
temperature changes; nonlinear resistive elements; transients in inductive and 
capacitive circuits and the principles of magnetic and electric fields. This material 
shows the applications of the elements, and also introduces analogous principles 
involved in electronic tubes and magnetic circuits. [Illustrations and problems are 
included to provide detailed treatment and broad coverage. 


COMPOSITION AND PROPERTIES OF CONCRETE 


By GEORGE E. TROXELL and HARMER E. DAVIS, University of California 
McGraw-Hill Series in Civil Engineering. Ready tor Second Semester classes. 


A comprehensive text presenting in Part I a descriptive treatment of the character- 
istics of cements, aggregates, admixtures, and water used in concrete mixes, the 
proper proportioning, and the batching, mixing, placing and curing of the concrete to 
produce a finished product of suitable and predictable quality and economy. Problems 
involved in mass concrete, lightweight, and heavyweight concrete and other special 
concretes are thoroughly discussed. Part II comprises instructions for laboratory 
tests, selected to illustrate the most important facts and principles connected with 
the use of cement, aggregate, and concrete. 


SEND FOR COPIES ON APPROVAL 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York 36, N. Y. 
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DO YOU KNOW .... 


> 
garding the Lamme and Westinghouse 
awards and preliminary announce- 
ment of two new research honors are 
contained in this issue? Rules for the 
YET paper contest were published 
last month. Now is the time to get 
plans under way for recommendations 
and entries. Further details about the 
research awards—Bendix and Curtis 
McGraw—and the Technical Institute 
Division James H. McGraw award 
will be given in future issues. Nom- 
ination forms for awards will be avail- 
able from your deans after the first of 
October; blanks will also be available 
from the appropriate committee mem- 
bers and the Secretary’s office. 


> .... That the Summer Insti- 
tutes for engineering faculty members 
at Argonne and Brookhaven National 
Laboratories were most successful? 
An evaluation with both staff and stu- 
dents indicates there should be addi- 
tional programs next year. Present 
plans of the Atomic Energy Education 
Committee are for 100 registrants in 
a general course like the ones offered 
this year and 100 other faculty mem- 
bers in specialized courses. The 
former will help those attending pre- 
pare to teach a survey course, be ade- 
quately informed for intelligent advice 
to students interested in the atomic 
energy field, and appreciate the close 
team-work and interplay of disciplines 
required to design and build a reactor. 

The specialized courses will be de- 
signed for those who took this sum- 
mer’s general course and others who 
-by formal training and experience 
have equivalent backgrounds. Those 


.... That full information re- .” 


98 


completing the advanced summer 
school are expected to be able to 
teach a specialized course in their 
own institutions. If this study is then 
followed by summer employment or 
by a year’s leave in a national labora. 
tory, our colleges of engineering ulti. 
mately should be well staffed with en. 
gineers suitably trained for nuclear 
energy instruction. 


> .... That during the summer 
your Secretary had the opportunity to 
visit three of the national laboratories 
of the Atomic Energy Commission, 
and that at each one the failure of 
engineers to avail themselves of sum- 
mer employment or employment ona 
leave basis was seriously lamented? 
Members of other professions have 
responded, but not the engineers! 
Why? Some of the laboratories also 
have plans for summer employment 
of graduate students and_ perhaps 
even of undergraduates. This is in 
addition to the graduate thesis work 
regularly conducted. 


> .... That a list of committees 
and officers for the current year is 
on page 172? There will be additions 
and deletions, but the present status 
is indicated. You will note that the 
committees having a specific assign- 
ment, with implied discharge on com- 
pletion of their task, are listed as “ad 
hoc.” During their lifetime their per- 
sonnel will remain relatively constant; 
other or “standing” committees usu- 
ally rotate membership to have some 
“new blood” brought in each year. 
That always means that some excel- 
lent workers are “retired,” and such 


Jrl. Eng. Ed., V. 47, No. 2, Oct., 1956 


Oct., 1956 


action i 
relieved 
say, “M 
portant 
The s 
for com 
very Ml 
commit 
informe 
ment t 
at the € 
job. A 
men al 
Counci. 
each ye 


» 

book 
new as 
have | 
membe 
tiod of 
resigna 
panies. 
with r 
particu 
them a 
ciety 
stitutio 
will be 
tions, ¢ 


summer 
> able to 
in their 
dy is then 
yyment or 
al labora- 
ring ulti- 
1 with en- 
r nuclear 


summer 
rtunity to 
oratories 
nmission, 
‘ailure of 
s of sum- 
1ent ona 
umented? 
yns_ have 
ngineers! 
ries also 
perhaps 
his is in 
sis work 


nmittees 

year is 
idditions 
nt status 
that the 
> assign- 
on com- 
d as “ad 
reir per- 
onstant; 
2eS 
ve some 
th year. 
e excel- 
nd such 


, Oct., 1956 


Oct., 1956 DO YOU KNOW .... 
action is taken with regret. To those 
relieved of committee assignments we 
say, “Many, many thanks for your im- 
portant efforts and contributions.” 

The suggestions received last spring 
for committee appointments were not 
very numerous. Consequently each 
committee chairman specifically was 
informed at the time of his appoint- 
ment that making recommendations 
at the end of the year was part of his 
job. All Section and Division Chair- 
men and members of the General 
Council also are asked for suggestions 
each year. 


> .... That since the ’56 Year- 
book was submitted for printing, 28 
new associate institutional members 
hve been added to the Society’s 
membership? During the same pe- 
tod of time there have been four 
resignations, three of them steel com- 
panies. Each of you who have contacts 
with representatives from industry, 
particularly recruiters, should inform 
them about this valuable type of So- 
ciety membership. The Associate In- 
stitutional Membership Committee 
will be pleased to have your sugges- 
tions, and the Secretary’s office will 
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gladly forward information if you 
provide the names of interested com- 
panies and especially those of appro- 
priate personnel or executives. 


& .... That the YET Committee 
again wants to conduct the individual 
ASEE membership drive for the So- 
ciety this year? Last year’s efforts 
were successful at some institutions, 
but at many there were no efforts at 
all. This year it is hoped each insti- 
tution will have an active campaign. 
Every Section representative on the 
YET Committee will be responsible 
for getting a YET on each campus to 
head the drive. The Secretary’s office 
will then write each dean, informing 
him of the representative and request- 
ing that the two develop an effective 
program. The necessary supplies can 
be obtained through the YET Com- 
mittee or directly from the Secretary’s 
office. But each member alone has 
a responsibility in promoting member- 
ship—so, tear out the application blank 
on page 192 of this issue and give it 
to a colleague, NOW! 


W. LEIGHTON COoLLIns 
Secretary 


RESEARCH PARTICIPATION PROGRAM 


College and university faculty members may now apply for 
places in the 1957 Research Participation Program, designed to aid 
educational institutions by helping faculty members spend summers 
or other periods in research at Oak Ridge, with university-equivalent 

salaries. Information and application blanks, for return by Decem- 
ber 15, 1956, can be obtained from the University Relations Divi- 
sion, Oak Ridge Institute of Nuclear Studies, P. O. Box 117, Oak 


Ridge, Tennessee. 
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RESEARCH NEEDS OF ENGINEERING 
AND THE ENGINEERING SCIENCES 
AND HOW THE NEEDS SHALL BE MET 


HAROLD K. WORK 


Director of Research Divisio, 
College of Engineering 
New York University 


Presented at the first General Session of the Annual Meeting, June 25, 1956, 


During recent years there has been 
considerable confusion about engi- 
neering college research. Such ques- 
tions have been raised as 1) What 
should it be like, 2) How much should 
there be, and 3) Who should support 
it? These brief remarks will present 
what the Engineering College Re- 
search Council of the ASEE and the 
National Science Foundation are do- 
ing about the above problems. 

It is most appropriate to start 
this discussion on engineering re- 
search by referring to the research 
policy adopted by the ECRC two 


years ago. The policy summary is 
as follows: 
“... the research program of an 


engineering school should properly 

embrace the following types of ac- 

tivities: 

a. Research to discover scientific 

principles and facts which will 
advance the science of engineer- 
ing. 

. Applied research or development 
of specific devices or processes 
which will develop the compe- 
tence of teacher and _ student, 
thereby serving the engineer in 
a manner parallel to the clinical 
studies of the physician. 
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c. Activities which serve the public 
interest, as for national defense 
public health, or general indus. 
trial and agricultural progress’ 


The first item includes what eng. 
neers generally think of as basic o 
fundamental engineering _ research, 
In general, this type of research is not 
too well understood or too well sup- 
ported. Yet it is most generally ac. 
cepted as a highly desirable type of 
activity for an engineering school. It 
fits in with the concept that a uni- 
versity should develop new informe 
tion as.well as disseminate the old. 

The second item—applied research 


—is currently being adequately sup}! 


ported financially but not everyone 
welcomes it to the university. The 
fact that it is included in the policy is 
predicated on the feeling of engineer- 
ing educators that applied research 
constitutes an important part of the 
training of engineers. Far more engi- 
neers go into applied research and de 
velopment than into basic research. 
The current support comes largely 
from industry and the Department o 
Defense, and appears to be adequate. 
The third items includes those serv- 
ices that a university performs for the 
community. Such activities seem to 
have a regional character. For exall- 
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le, in areas where no one else is 
yailable to do this work, the schools 
will do routine testing. Where this 
kind of activity is needed, funds seem 
to be available from local sources. 

From the above, it can be seen that 
the basic research, or whatever you 
care t call it, presents the most seri- 
ous research problem of the engineer- 
ing colleges. Part of the trouble stems 
fom the difficulty in defining such 
search. The word “basic” has a 
dictionary definition of “foundational 
or underlying” and a search for foun- 
dational or underlying information 
would seem adequately to describe 
basic research. However, because 
sme successful basic research has re- 
sulted from work which was not di- 
rected at any objective but the secur- 
ing of information, there has been a 
tndency on the part of many to feel 
that all basic research must be han- 
ded in similarly unmotivated fashion. 
ff this is accepted, then basic engi- 
neering research faces a dilemma. It 
shard to conceive of much engineer- 
ing research that does not have a 
nore or less clear objective. This fol- 
bws from the definition of engineer- 
ing which is sometimes described as 
follows: 


“Engineering is the art and science 
by which the properties of matter and 
energy are made useful to man in 
tructures, machines, and products.” 


Working under such a definition of 
gineering, it is difficult to conceive 
of much engineering research that is 
wt directed to some useful purpose. 
Hence, if the work must be without 
the above goal, it can hardly be engi- 
wering; rather it must be in the basic 
sciences. In view of this, it seems ap- 
wopriate at this point to take a fresh 
bok at the definition for basic re- 


search in engineering. If the defini- 
tion is predicated on what is sought 
rather than how it is sought, it is be- 
lieved that much of the above con- 
fusion would be resolved. 

Now the question of the need for 
such research will be briefly consid- 
ered. Just whose need is involved? 
It can hardly be called a need of the 
engineering colleges. Insofar as their 
operations are concerned, they can 
operate as just academic _institu- 
tions. Many do substantially that 
now. The need unquestionably re- 
fers to the needs of the country as a 
whole. There is a certain amount of 
basic research required to serve as a 
foundation for efforts to improve pub- 
lic welfare for technological advance- 
ment and for national defense. Of 
this basic research, there is a certain 
part that the engineering colleges of 
the country can best handle. That it 
has not been as effectively supported 
in the past as it should have been has 
unquestionably resulted from a lack 
of clear understanding as to who 
should support it. 

The problem of satisfying this need 
has been of concern both to the Na- 
tional Science Foundation and the En- 
gineering College Research Council. 
During the past year, this subject has 
been discussed by these two groups 
and the discussions finally culminated 
last week in the granting by the 
National Science Foundation to the 
ASEE a sum of $40,000 for the study 
of research needs in engineering. The 
study will be under the direction of 
Eric A. Walker, President of The 
Pennsylvania State University. 

To avoid controversy over defini- 
tions, the research will be merely char- 
acterized as research which engineers 


do. The survey will be limited to the 
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staffs of colleges which have accred- 
ited curricula in engineering. Only 
the present capacity to do research 
will be considered. This will include 


what is now being done, or could be. 


done without any substantial increase 
in staff. The estimates will be further 
limited to an amount that the college 
administration feels can be handled 
without curtailing teaching capacity. 

It is tentatively planned to carry out 
the above study with a staff consisting 
of a project director, a technical as- 
sistant, a secretary, and a team of in- 
vestigators. Steps toward setting up 
a questionnaire and procedure for ob- 


SECURITY POLICY ON 
UNCLASSIFIED RESEARCH 
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taining uniform results will be take 
shortly. An attempt will be made, x 
far as possible, to include facility x. 
quirements, as well as those for per. 
sonnel, in addition to an analysis ¢ 
the data collected. 

This report should help consider. 
ably in delineating the needs of the 
country in engineering college re 
search. Once these needs are clearly 
defined, methods should readily k 
found to take care of such activities 
The ECRC, in particular, and the 
ASEE, in general, are both deeply 
grateful to the National Science Foun 
dation for making this study possible 


The American Council on Education recommended in Decem- 
ber, 1954, that “Educational institutions should not permit any out- 
side agency to determine the fitness of any staff member for working 


on unclassified projects. 


The government should not impose re- 


strictions on the selection of institutional personnel for unclassified 
research supported in whole or in part by government grants. Cur- 
rent tendencies to require special clearances or security tests for 
such personnel are inimical to the progress of learning and improper 
in terms of the handicaps placed upon investigators and their 


institutions.” 


Under the chairmanship of Dr. J. A. Stratton, Vice President and 
Provost of M. I. T., a special committee of the National Academy of 
Sciences, which was appointed early in 1955 at the request of the 
White House, submitted a report expressing agreement with these 
ideas. On August 15, 1956, Sherman Adams, Assistant to the Presi- 
dent, sent a letter to Dr. D. W. Bronk, President of the Academy, 
stating that these principles would be the basis for future actions 
regarding federal grants or contracts for unclassified scientific 


research. 
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GENERAL EDUCATION IN ENGINEERING 


Report of the Humanistic-Social Project 


EDWIN S. BURDELL 


Chairman of the Committee 


and President, The Cooper Union, New York City 


Dr. Gullette and I are happy to 
present to you this morning “General 
Education in Engineering” as a report 
of the Committee of the Humanistic- 
Social Project which was accepted by 
Council last evening. On May 11, I 
sent eight copies to each dean of en- 
gineering with the request that he 
snd them to those members of the 
liberal arts faculties who would not 
be likely to see them otherwise. I 
assume that most of you in this audi- 
ence have had access to the report, 
but considering the time of year of 
its appearance, you may not have had 
occasion to read it very carefully. We 
want to have as wide a distribution, 
examination, and comment as possi- 
ble, especially among the vast major- 
ity of your colleagues on your campus 
who are not members of ASEE. Dr. 
Cullette will tell you, among other 
things, the procedures by which addi- 
tional copies may be secured. 

My purpose this morning is to say 
afew words about the findings of the 
Humanistic-Social Research Project 
ad its place in the stream of litera- 
ture on the field of engineering edu- 
cation. In one sense our investigation 
isa by-product of the work done by 
the Committee on Evaluation of En- 
gineering Education, which made its 
final report to the Society at the last 
anual meeting. In another sense it 


Remarks at the General Session on June 25, 1956. 


is a continuation of the work of the 
1944 Committee on Engineering Edu- 
cation After the War, which reaf- 
firmed the recommendations of the 
1940 Committee on the Aims and 
Scope of Engineering Education. In 
my letter of transmittal to the deans 
of engineering, I pointed out that the 
Committee on the Project adopted the 
principles and objectives of engineer- 
ing education as set out in those ear- 
lier significant reports. _We could find 
no fault with these basic objectives 
ten years after their promulgation. 
We therefore proceeded on the as- 
sumption that the engineer is not ade- 
quately prepared to make an effective 
contribution in today’s world if he has 
not acquired during his undergradu- 
ate study some sense of human values 
and some knowledge of the social, 
economic, and political world in which 
he will play a conspicuous part. We 
wanted to find out if professional com- 
petence had to be sacrificed in order 
to give an undergraduate an under- 
standing of himself and of the world 
about him. We sought to find ways 
to provide both technical skills and 
human values, because we hold that 
professional competence may be seri- 
ously jeopardized if the student has 
not acquired knowledge and _ skills 
beyond those required by the engi- 
neering sciences and technology. 
Jrl. Eng. Ed., V. 47, No. 2, Oct., 1956 
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We believe that the engineering 
schools have the responsibility to de- 
velop in the undergraduate a capacity 
for both intellectual and emotional 


growth in directions which we our-. 


selves can today but dimly visualize. 
We would observe that capacity and 
desire to grow in knowledge and wis- 
dom are a test of the success of the 
total educational endeavor, especially 
of the humanistic-social studies. We 
know full well that with only one 
fifth of the time devoted to this field, 
all that even the most effective teach- 
ing can do is to open doors and win- 
dows to future study. 

We have stated in the Summary of 
our report that although there is 
nearly unanimous agreement among 
engineering educators that the hu- 
manities and social sciences have a 
place in the curriculum, a sizable 
number of them are fearful that at- 
tempts to develop them in the already 
overcrowded courses will jeopardize 
the quality of the technical education 
and at best provide only a superficial 
treatment of the nontechnical sub- 
jects. To these educators particularly 
we have addressed ourselves because 
we have located in our survey thirty 
or more of our leading engineering 
schools which have demonstrated such 
fears to be groundless by regrouping 
their science and technology courses 
and by placing on the graduate 
schools and on industry the responsi- 
bility for specialized instruction. We 
have confined our report chiefly to the 
practical problems that confront those 
who must plan, initiate, and maintain 
humanistic-social programs for engi- 
neering students. 

Perhaps our most fundamental rec- 
ommendation is that there cannot be 
and should not be a ready-made pro- 
gram for all schools. No standardized 
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pattern is available for teaching th 
humanistic-social studies any mor 
than there is for teaching mathemat 
ics, science, or technology. Each 
school must hammer out for itself ; 
feasible program in terms of its ow 
local resources of staff, library, and 
audio-visual aids inside the colleg 
or university, and access to music, art 
and drama outside in the community, 

Certain valid general observations 
however, can be made and for the 
sake of brevity can be summarized a 
follows: 


Humanistic-social programs for en 
gineering students are successful when 
these conditions prevail: There must 
be a vigorous administrative support 
for the program. No half-hearted ef. 
fort on the part of a dean or depart 
ment head will be able to cope with 
the indifference or hostility of some 
die-hards on his science and engineer 
ing faculty, nor be able to marshal the 
teaching personnel necessary to pre 
sent humanistic-social subject matter 
from a vigorous, fresh, and experi- 
mental point of view. No hackneyed 
sequences of courses will challenge 
the interest of the student or take ad- 
vantage of the high caliber of the 
entering student and of his increasing 
intellectual maturity and curiosity a 
he completes his upperclass years. 

The faculty and the administration 
must conceive of the humanistic-social 
studies as an integral part of the stu 
dent’s total educational experience 
semester by semester, and not as 2 
“pre-heat treatment” intensively ap- 
plied perhaps more conveniently in 
some preliminary college experience 
or as a sporadic sort of sheep dip that 
is administered intermittently through 
the eight semesters when and where 
there happens to be a gap in the heavy 
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concentrations of mathematics, engi- 
neering sciences, and technology. 

The principal educational problem 
external to the school of engineering 
itself is that of establishing full coop- 
eration and understanding between 
the engineering and liberal arts facul- 
ties. We found a strange contradic- 
tion between some engineering col- 
leges located within universities where 
liberal arts resources were unusually 
rich but courses in the humanistic-so- 
cial studies were poor, and on the 
other hand, some independent engi- 
neering schools where such resources 
were meager but integration and good 
teaching did exist. 

Perhaps this is the central problem 
so far as the engineering dean on a 
university campus is concerned. He 
must see to it that the representatives 
of his faculty do collaborate success- 
fully with representatives of the other 
faculties. Of course in the last analy- 
sis, the president of the institution is 
responsible for assuring effective co- 
ordination. 

As an example of the lack of coor- 
dination between engineering schools 
and their sister colleges of the arts, I 
came across in one of my field visits 
a situation which I described as fol- 
lows on page 54 of our report: 


“My impression of the relationship be- 
tween the School of Engineering at X 
University and the Liberal Arts Division 
was that there was much good will but 
not much intelligence applied to solving 
the problem of establishing an integra- 
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tion of the humanistic-social stem with 
the scientific-technological stem. I re- 
ceived the distinct impression that the 
engineering faculty prescribes so many 
credits of humanistic-social studies and 
the liberal arts faculty fills these require- 
ments as a pharmacist fills a prescription. 
The doctor doesn’t consult the pharma- 
cist or vice-versa and the patient hasn’, 
the faintest notion of what the medica- 
tion is or why he is taking it. Stranger 
still, the doctor doesn’t examine the pa- 
tient or rewrite the prescription either in 
terms of need or of new pharmaceuticals.” 


In conclusion I might refer to a 
Boston journalist who, in commenting 
on the report soon after its publica- 
tion, said: “The Survey found that, 
while many engineering schools give 
lip service to the principle of broad 
education, their practice of it can be 
greatly improved. There still is a 
point to the jibe that liberal arts col- 
leges are trying to humanize the sci- 
ences, while the engineering schools 
are trying to Simonize the humanities.” 


Well, I hope that the Report of our 
Humanistic-Social Research Project 
will help to reduce that jibe to noth- 
ing more than a bad joke. I hope 
that none of our engineering schools 
will take the humanities to be merely 
a sort of Simonizing job to make the 
students look shiny. Eventually I 
hope all engineering schools will con- 
sider the humanities and social sci- 
ences as an integral and essential part 
of professional education. 


| 
| 


MANAGEMENT SCIENCE 
AND OPERATIONS RESEARCH 


MERRILL M. FLOOD 


Associate Directo 


Engineering Research Institute, University of Michigm 


Willow Run Airport, Ypsilanti, Michigan 


Presented at the ECRC General Session of the Annual Meeting, June 27, 195§, 


New science and new mathematics 
always yield an increased potential 
for engineering. Any such advance, 
whether in experimental physics or in 
the theory of differential equations, 
may well lead to solutions both of old 
and new engineering problems. Sim- 
ilarly, a new engineering problem may 
pose a mathematical or scientific ques- 
tion that either is easily answered on 
the basis of existing knowledge or else 
leads to further fundamental research. 

Management science and operations 
research are new names for old kinds 
of science and engineering. These 
newly named fields identify a rapidly 
growing effort to solve many old types 
of problems through the application 
of engineering art and _ scientific 
method. This effort is producing new 
mathematical structures and scientific 
knowledge, first stored in professional 
journals and then applied over and 
over again as a developing engineer- 
ing art. 

An example is the mathematical 
structure consisting of a system of 
linear algebraic equations in non- 
negative variables. This relatively 
unsophisticated mathematical struc- 
ture is adequate to represent the class 
of practical problems treated under 
two theories currently popular and 
important in management science and 
_ operations research, namely: linear 
programming theory, and two-person 
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constant-sum matrix game _ theory, 
Closely related to these is statistical 
decision theory, in which fundamental 
concepts and theorems from the math- 
ematical theory of probability com. 
bine with others from game theory to 
provide a powerful analytical tool for 
use in operations research. 

The establishment of an operation- 
ally meaningful correspondence be- 
tween the abstract entities of systems 
of linear equations in non-negative 
variables and each of several types of 
familiar management problems con- 
stitutes an addition to management 
science—scientific knowledge that can 
and will be put to good use over the 
years by engineers concerned with de- 
sign, construction, operation, and con- 
trol of systems and processes. 

What do these developments in 
management science and operations 
research mean for those of us who are 
concerned with the proper education 
of engineers? What are the special 
implications for the pre-engineering, 
bachelor’s, master’s, and doctor’s pro- 
grams? What are the implications 
for the established engineering spe- 
cialties? What new engineering fields 
are emerging? 

Rather than try to answer these 
questions explicitly in terms of cur- 
riculum, we shall answer indirectly 
by indicating the broad outlines of 
scientific knowledge and engineering 


Jrl. Eng. Ed., V. 47, No. 2, Oct., 1956 


Oct., 195 
skills 
-whc 
| tional 
ture 
| Operc 
On 
opera 
simul 
whicl 
that | 

then 
pecte 
tive 
is api 
ical 
are 
some 
: He h 
other 
that 
| to ra 
main 
| do n 
neeri 
some 
ofter 
| com] 
pend 
know 

| than 
vent: 
least 
A 
cessf 
that 

| the 
| anal 
quat 
or 
ful 
the 
| proc 
| ofter 
| engi 
tech 


M. FLOOD 


ciate Directo 
of Michiga 
nti, Michigan 


, June 27, 1956, 


ne theory. 
Statistical 
indamental 
1 the 
vility com- 
e theory to 
cal tool for 


operation- 
dence _be- 
of systems 
n-negative 
al types of 
lems _con- 
anagement 
e that can 
e over the 
d with de- 
and con- 

ments in 
operations 
is who are 
education 
he special 
gineering, 
ctor’s pro- 
plications 
ring spe- 
ring fields 


ver these 
is of cur- 
indirectly 
utlines of 
gineering 


2, Oct., 1956 


Oct., 1956 


skills that seem to be most useful now 
to practitioners of operations research 
-whom we shall here call “opera- 
tional engineers.” We shall also ven- 
ture a guess as to future trends. 


Operational Engineering 


One essential skill of the successful 
operational engineer is the ability to 
simulate the system or process, with 
which he is concerned, by a model 
that he can first test for validity and 
then manipulate to determine ex- 
pected system behavior under alterna- 
tive conditions of interest. The model 
is apt to be at least partly mathemat- 
ical in form, and the manipulations 
are apt to make substantial use of 
some body of mathematical theory. 
He has this skill in common with most 
other engineers, with the difference 
that system and process models seem 
to range over a very much wider do- 
main of mathematical disciplines than 
do models from more familiar engi- 
neering fields—where, for example, 
some system of differential equations 
often suffices. Success in modeling 
complex systems and processes de- 
pends more often upon a very broad 
knowledge of mathematical disciplines 
than does such success in more con- 
ventional engineering practice, at 
least at present. 

Another essential skill of the suc- 
cessful operational engineer, and one 
that is desirable in all engineers, is 
the ability to design, conduct and 
analyze an efficient experiment ade- 
quate to test the validity of a system 
or process model. Until more power- 
ful general theories are available for 
the treatment of complex system and 
process engineering problems, it will 
often be necessary for the operational 
engineer to use the most powerful 
techniques available from the fields of 
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experimental and mathematical statis- 
tics in the course of his experimental 
work—a sophistication of the trial and 
error process. 

Complex systems and processes of 
interest to the operational engineer in- 
variably include human beings, either 
as direct participants or as responsi- 
ble managers, and a difficult but crit- 
ical requirement for adequate model- 
ing and experimentation is proper 
treatment of these human factors. In- 
deed, the human factor must be of 
essential importance in the problem or 
else it falls outside the usual domain 
of interest to the operational engineer. 
For this reason, the operational engi- 
neer needs a much broader back- 
ground of knowledge from economics 
and the other behavioral sciences than 
does the man who is dealing with 
more conventional engineering prob- 
lems where human factors are not so 
critical. 

It is not often possible, at the pres- 
ent time, to bring a complex system 
or process into the laboratory for 
study. Consequently, the operational 
engineer very often finds he is affect- 
ing the behavior of the system while 
he studies it. Furthermore, his suc- 
cess may depend more upon his abil- 
ity to obtain and retain the confidence 
and goodwill of individuals within the 
organization he is analyzing than it 
does upon scientific knowledge and 
technical skill. He is helped greatly 
in this if he has a good understanding 
and appreciation of the motivations 
and skills of the managers and opera- 
tors, and of the technological charac- 
teristics of the physical components 
of the system or process. Thus, sci- 
entific and engineering knowledge 
alone is not enough; legal, financial, 
and political restrictions are often as 
decisive in a model as are the ones 


il 
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derived from technological considera- 
tions—so are ordinary inertia and nat- 
ural human resistance to change. 


Warehousing Example 


As an example, consider a typical 
problem of warehouse location and 
design. The transportation version of 
linear programming theory might be 
used to determine an optimum pattern 
of shipping schedules from plants to 
warehouses, in terms of calculated 
customer demand and plant outputs. 
Statistical inventory control theory 
might be used to determine an op- 
timum pattern for production and 
stock levels, taking account of ex- 
pected uncertainties in customer de- 
mand and in prices. Optimum op- 
erating conditions determined in this 
way for each of several alternative 
warehousing schemes would provide 
a basis for an overall economic com- 
parison of the several schemes, in 
rather typical operations research 
fashion. An analysis of this kind, 
done in the best modern manner, 
would make use of quite advanced 
mathematical theory and would tax 
the capabilities of the best of our elec- 
tronic computers. Yet the conclusions 
of the analysis would be greatly af- 
fected by assumptions such as: 


The discount rate used to meas- 
ure rates of return from capital in- 
vestment schedules, 

The amount assigned to measure 
the loss due to inability to fill a cus- 
tomer’s order, 

The growth rates of own and 
competitive markets. 


Nevertheless, the operational engineer 
is often able to analyze the expected 
behavior of the overall system, for 
each of a variety of such assumptions, 
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and to do so well enough to give the 
responsible manager a much sounder 
basis for decision than would exist 
without the analysis. 


Electronic Computers for Simulation 


Our warehousing example illus. 
trates another characteristic commonly 
found in management science and op- 
erations research, namely the use of 
high-speed computers to simulate the 
behavior of complex systems under 
alternative assumptions. Computer 
simulation often makes possible rapid 
manipulation of mathematical models, 
that are too complicated to handle 
algebraically, as an aid in manage- 
ment science. Computer simulation 
also often makes it possible to intro- 
duce human judgments directly into 
the analysis, in a systematic manner, 
and thus to give proper attention to 
many human factors that are other- 
wise unmanageable. Clearly, the op- 
erational engineer must be skilled 
enough at the computational art to 
make full use of this powerful tool. 


Human Engineering 


Some operational engineering prob- 
lems relate to systems or processes in 
which the non-human element is quite 
unimportant. As one example, cur- 
rent work on information handling 
and decision-making in small groups 
is producing a wealth of mathematical 
theory and experimental findings that 
constitute new management science 
ripe for operational engineering ap- 
plications. Some of these results have 
apparently led to improvements in 
design and operation of certain mili- 
tary information-handling systems, in 
which the physical components are 
entirely secondary, and it is logical 
to expect that many similar applica- 
tions will eventually be made to non- 
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military systems. Among the many 
mathematical topics encountered in 
recent scientific literature on small 
group behavior are: stochastic proc- 
esses, information theory, matrix the- 
ory, linear graph theory, servomech- 
anism theory, and game theory. These 
mathematical topics are now as un- 
familiar to most engineers as is the 
scientific literature in experimental so- 
cial psychology, but it seems likely 
that increasing use will be made of 
this type of knowledge by some engi- 
neers in the future. 

Considerable use is already being 
made of experimental results from the 
fields of physiological-psychology and 
anthropology. This work is usually 
called human engineering, and most 
frequently is concerned with the de- 
sign of equipment so that it can be 
operated or occupied by a person or 
team in an effective and comfortable 
manner. Familiar examples are de- 
sign of airplane cockpits, tank turrets, 
automobile interiors, submarine inte- 
riors, radar consoles, gun turrets, proc- 
ess control instruments, and the like. 
Human engineers have made very 
little use of advanced mathematics in 
their work so far, although servo- 
mechanism theory is now getting some 
use, but they have made extensive use 
of the wealth of experimental results 
available especially from the fine work 
in psycho-physics over many years 
past. Only recently has American 
industry begun to take a serious and 
active interest in human engineering. 


Automation 


Automation is a development that 
deserves mention here, and one that 
will be greatly affected by operational 
engineering advances in the future. 
The automatic loom, the automatic 
telephone, the automatic pilot, the 
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automatic antiaircraft battery, the au- 
tomatic machine tool, the automatic 
refinery, the automatic office, the auto- 
matic factory, and the automatic com- 
pany are all systems controlled ulti- 
mately by human beings but more 
and more completely mechanized in 
their internal operation. Before mech- 
anization of each of these systems is 
possible, it is first necessary to under- 
stand the information-handling and 
decision-making roles of the former 
human operators and then to devise 
machines to perform these functions. 

Automation is technical evolution, 
not revolution, and will be aided by 
most branches of science and engi- 
neering. Perhaps the most challeng- 
ing automation problems at present 
are those pertaining to control during 
operation. In the completely auto- 
matic refinery, a master computer 
would continuously receive and proc- 
ess data that would not only establish 
internal process control but that would 
also determine production schedules, 
yielding product outputs in an opti- 
mum manner in terms of market de- 
mand and prices. It is rumored that 
one company in the petroleum indus- 
try is already well along with the con- 
struction of just such an automatic 
refinery. 

Office automation is now an espe- 
cially attractive area for operational 
engineering. Mechanized inventory 
control systems must be based on 
carefully chosen principles for deter- 
mining optimum inventory levels and 
reorder rules, since as the system is 
more fully mechanized it becomes in- 
creasingly difficult to recognize and 
correct errors—the inevitable price one 
pays for substituting an inflexible 
machine in place of a flexible human. 
Considerable knowledge of mathemat- 
ical inventory control theory, and of 
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computer capabilities, is now needed 
by an engineer responsible for the in- 
stallation and operation of an auto- 
matic inventory control system. 


Mere mention of the vast effort now . 


concentrated on weapons systems 
evaluation and military operations re- 
search should be adequate to call at- 
tention to the increasing need for op- 
erational engineers within our defense 
effort. Unfortunately, security restric- 
tions on this work often keep these 
new advances out of our educational 
program too long. However, it is im- 
perative that our overall program of 
engineering education take full ac- 
count of these developments in so far 
as they indicate desirable changes in 
curriculum. It is already evident that 
a great deal more emphasis should be 
placed on fundamental subjects, such 
as modern mathematics and the be- 
havioral sciences, if our engineers are 
to be prepared to cope with the kind 
of systems and management problems 
encountered in office and plant auto- 
mation. 


Professional Developments 


Two new professional organizations 
and journals have been founded in 
the United States since the Korean 
War, in the management science and 
operations research area. Several sim- 
ilar societies have been organized in 
other countries, and others are being 
started. 

The Institute of Management Sci- 
ences and the Operations Research 
Society of America each have over a 
thousand members. Management Sci- 
ence is the quarterly journal of the 
Institute and Operations Research is 
the bi-monthly journal of the Society. 

Several of these organizations are 

cooperatively sponsoring an interna- 
tional conference on operations re- 
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search and management science, that 
will probably be held in England 
during 1957. 

There are also a number of other 
new organizations and publications 
concerned with one or another aspect 
of the general area under discussion 
here. Important among these are the 
Society for Industrial and Applied 
Mathematics and the Association for 
Computing Machinery. 

Some attempt has been made by 
the Operations Research Society of 
America to establish professional 
standards for operational engineers, 
This Society has three grades of mem- 
bership, with requirements on educa- 
tion and experience somewhat like 
those familiar within the older engi- 
neering societies. However, there has 
as yet been no real attempt to create 
a separate engineering profession and 
it seems unlikely that this will happen 
in the near future. In fact, it is diff- 
cult to see how professionalization 
either can or should precede the es- 
tablishment of a strong educational 
program. 


Educational Developments 


Several American universities now 
grant advanced degrees in fields with 
names that are variants of manage- 
ment science or operations research. 
These new programs are usually 
started and administered by an exist- 
ing department, or by a special Com- 
mittee, and the curricula and degree 
requirements vary widely from school 
to school. The Education Committee 
of the Operations Research Society of 
America has been studying this prob- 
lem, and has sponsored two well 
attended conferences at which repre- 
sentatives from colleges having such 
programs met to exchange views and 
to find points of agreement. 
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At Columbia University, for exam- 
ple, a student interested in manage- 
ment science and operations research 
may earn either the Doctor of Engi- 
neering Science (D.Eng.Sc.) degree, 
or the Doctor of Philosophy (Ph.D.). 
Candidates for either degree work un- 
der the direction of members of the 
faculty of the Department of Indus- 
tial and Management Engineering, 
and elect “Operations and System En- 
gineering” as their field of specializa- 
tion. Each student must have a Mas- 
ter’s degree before he is admitted for 
doctoral study, and either his Bach- 
dor’s or Master’s degree must have 
been taken in some field of physical 
science, behavioral science, engineer- 
ing, or mathematics if he is to meet 
the requirements for admission. His 
course work and doctoral research 
may be in any areas that, relate to his 
approved dissertation topic, and his 
problem can be anything that is 
worthy of scientific research if it per- 
tains to management or systems engi- 
neering. Dissertations recently ac- 
cepted have treated problems such as: 


A quantitative methodology for de- 
cision-making in plant layout, 

Optimum criteria in telecommunica- 
tion system planning, 

Operational aspects of the accident 
proneness concept. 


These dissertations have made good 
use of mathematics and mathematical 
statistics beyond that taught in the 
regular college engineering course, 
but not beyond that covered in 
a good Master’s degree program in 
mathematical statistics. Specialized 


technological information was needed 
and used in each case, and in the 
three quite different areas in which 
the men had considerable professional 
engineering experience. 


Some _ use 
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was made of information theory, and 
of a mathematical theory of clique 
formation, in the dissertation on tele- 
communication system planning. 

An analysis of the papers being 
published in the professional jour- 
nals of management science and op- 
erations research, and of doctoral dis- 
sertations in this general area, indi- 
cates that minimum levels of maturity 
required for successful work in this 
field are roughly as follows: 


For original research—the equiva- 
lent, through education or experience, 
of: a Master’s degree in mathematical 
statistics, a Master's degree in some 
experimental natural science, a Doc- 
tor’s degree in the field of application, 
and a flair for model construction. 


For professional engineering prac- 
tice—the equivalent of a Bachelor's 
degree in mathematical statistics, a 
Bachelor’s degree in some experimen- 
tal natural science, a Master’s degree 
in the field of application, a thorough 
knowledge of one or more special 
techniques of operational analysis, a 
general knowledge of electronic com- 
puters and their capabilities, and a 
flair for working with others either as 
a consultant or as an interdisciplinary 
team-member. 


For the graduate operational engi- 
neer—the equivalent of a standard pre- 
engineering program except for the 
substitution of introductory courses on 
mathematical statistics, scientific re- 
search, and electronic computers for 
the usual courses on graphics, me- 
chanics, and second year chemistry; a 
two year engineering program to in- 
clude most of the courses now com- 
mon to all engineering curricula, and 
the balance especially designed to 
cover the fundamental techniques and 
uses of operational engineering. 


= 
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The Future 


At the present accelerated rate of 
production of papers and books on 
various aspects of management science 


and operations research, it seems rea- ’ 


sonable to expect that there will be 
full-fledged graduate degree programs 
in operational engineering in a num- 
ber of schools by 1960. These pro- 
grams will probably continue to be 
called by a number of different names, 
and be otherwise organized and ad- 
ministered in a wide variety of ways, 
for several years after 1960. 

Introduction of special operational 
engineering courses in the under- 
graduate program is already started, 
and there should be quite an increase 
in the number of these as soon as a 
few more of the authors now com- 
pleting usable texts finish their work. 
It is reasonable to expect that many 
of the highly specialized topics that 
now receive so much attention in our 
training programs, such as the sim- 
plex method and other computational 
algorithms for special problems, will 
gradually be replaced in our educa- 
tional program by material of more 
fundamental importance for the field 
as a whole. 

As experience with a number of 
similar cases shows particular models 
to have effective and important ap- 
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plications, these models and the tech. 
niques for their engineering use wil 
undoubtedly become the subject mat. 
ter of special courses. Both the math. 
ematical programming model and the 
statistical inventory control model are 
already well along toward this stage, 
Indeed, at the pace things are now 
moving, within a decade we may even 
have specialties within operational en. 
gineering for some of these. 


In Conclusion 


Operational engineers need a good 
working knowledge of modern math. 
ematics and statistics, their approach 
to problems is much the same as that 
of the research scientist, they must 
cope with the economic and human 
aspects of complex systems problems, 
and the electronic computer replaces 
the slide rule for their work. 

Progress in management science and 
operations research is already ade 
quate to provide the basis for a worth- 
while educational program. The rate 
of progress is so great that operational 
engineering could easily emerge as a 
new branch of the engineering pro- 
fession within a few more years. It 
is a worthy challenge to engineering 
education to develop an adequate and 
timely program to meet these evident 
professional needs. 


ASEE ANNUAL MEETINGS, 1957-1960 


1957 June 17-21 Cornell University, Ithaca, N. Y. 
June 16-20 University of California, Berkeley 


Carnegie Institute of Technology, University of Pittsburgh, 
Pittsburgh, Pennsylvania 


Purdue University, Lafayette, Indiana 
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THE IMPACT OF MODERN PHYSICS 
ON ENGINEERING EDUCATION 


W. L. EVERITT 


Dean, College of Engineering 
University of Illinois 


Presented at the ECRC General Session of the Annual Meeting, June 27, 1956. 


Research in Modern Physics has 
had for engineering a double impact; 
on the one hand dramatic and public, 
yet apparently remote, and on the 
other diffuse and specialized, a proc- 
ess of infiltration from pure science. 
In engineering neither salient has 
quite been recognized for what it was. 

When the atomic bomb fell on 
Hiroshima, the shock wave it pro- 
duced was more than physical. Here 
was a completed technical accom- 
plishment, in limited production under 
profound secrecy restrictions—a new 
source of power, whether destructive 
or constructive, a new major factor 
sprung full-blown from science to in- 
fluence the political life of the world. 
Recognition came quickly that new 
methods and new wisdom were needed 
in political and social thinking, in the 
approaches to war and peace, to force 
and compromise, to international trade 
and cooperation. 

Naturally but unfortunately, wis- 
dom to cope with these new situations 
does not come as quickly or easily as 
the admission of need. What is more 
troublesome, in our general preoc- 
cupation with political and interna- 
tional consequences, engineering edu- 
cators have been slow to face the 
profound revisions this contribution 
of the physicists requires in our think- 
ing about energy sources and power 
conversion, about materials and struc- 
tures and their uses. 


While the political shock of Hiro- 
shima was obviously a direct result of 
research in Modern Physics, other ad- 
vances had been achieved more grad- 
ually but with equal significance for 
engineering progress. These, how- 
ever, were not signalled by a single 
earth-shaking breakthrough——neither 
in pillar of mushroom-cloud by day, 
nor in pillar of fire by night. Even 
more readily than with nuclear fission, 
therefore, the inclination of engineer- 
ing was to consider such quiet de- 
velopments as belonging to “pure” 
physics research. Alternately, engi- 
neering tended to accept the help of- 
fered in tools or products (such as elec- 
tron microscopes, fluorescent tubes, 
or transistors and semi-conductors as 
vacuum-tube substitutes and supple- 
ments) without attempting to under- 
stand fully or study deeply the new 
principles and knowledge which had 
made such conveniences possible. 


An External View 


Thus engineering has been tempted 
to stand aside from both these areas 
—the dramatic and the silent frontiers 
alike—to view them externally, as out- 
side, not really as part of engineering. 
Being engineers, we remain interested 
in the macroscopic world of relatively 
large objects, especially so because 
the synthesis of new devices or serv- 
ices to meet man’s needs inherently 
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requires materials in aggregates of 
observable size. 

We have been impressed with the 
complexity of these new realms, the 


uncertainty which requires statistical - 


predictions of group or range per- 
formance where we had previously 
counted on mathematical exactitude. 
We have been deterred by the realiza- 
tion that the observations in this new 


physics are no longer direct and vis- . 


ual, but oblique, secondary, and in- 
ferential. This has been a problem 
even for electrical engineers who have 
always worked with indirect measure- 
ments. In this sub-microscopic world 
of the nucleus, the best information 
comes from far more indirect effects 
than we are accustomed to, from in- 
dications at second or third hand. It 
is all too easy to leave these principles 
and results for those who already 
understand them, and to continue our 
dependence upon the Newtonian and 
post-Newtonian concepts, including 
the absolutism of matter and energy. 
Engineers have long been accus- 
tomed to warn of the dangers inher- 
ent in extrapolation, either through 
time or space, beyond the range of 
reliable and immediate observation. 
If extrapolation is unavoidable, one 
pays attention not only to the mag- 
nitudes of quantities in the observ- 
able range but also to the rate at 
which these quantities are changing 
(first derivative ), to the rate at which 
the rate is changing (second deriva- 
tive) and so forth. In the realms of 
Modern Physics, as with ideas of hu- 
man conduct, it is more difficult to do 
this because its language is a language 
of probabilities. The application of 


judgment is then inevitable, and it is 
all too convenient for us to define 
these areas as being “outside engi- 
neering” . . . to be left to those inter- 
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ested in Modern Physics—or in mod- 
ern politics, tor that matter. 


A Definition 


With this background, perhaps be- 
fore we proceed too far we should 
define “Modern Physics,” as contrasted 
with “Classical Physics,” at least for 
the purpose of our present discussion, 
We can not define it as “the Physics 
in which a modern physicist is in- 
terested,” because there are still many 
areas of classical physics which would 
fall into that category, even though 
some engineers might question this, 
Also, many of the problems of clas- 
sical physics which are of interest to 
and are being attacked by both physi- 
cists and engineers are yielding pri- 
marily not to new physics but to new 
tools of mathematics such as non- 
linear differential equations and elec- 
tronic computers. 

A more meaningful definition for 
our use, and one which would be gen- 
erally accepted by physicists them- 
selves, is that “Modern Physics is the 
study of atomic, nuclear, and solid- 
state phenomena, and the understand- 
ing of these through quantum the- 
ory.” One most important result of 
activity in areas so defined, for which 
the effects of extremely high velocities 
or extremely small particles assume 
importance (requiring the applica 
tion of relativity and statistical me 
chanics or other new principles to 
avoid errors), has been the recogni- 
tion that physical laws are no longer 
absolutes. 

Even after Einstein’s promulgation 
of the relativity principle and _ the 
equation E = mc?, Newton’s laws and 
those involving the conservation of 
matter and energy were still accepted 
quite generally as being adequate for 
our earth-bound physical situations. 
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The practical transformation of mat- 
ter into energy seemed a fantastic 
dream, possible only in the sun and 
more distant stars. Relativity and its 
consequences appeared to have their 
principal applications in the deflection 
of the sun’s rays during an eclipse, or 
in the orbital perturbations of Mer- 
cury. Hence many engineers were 
“educated” and graduated between 
1905 and 1940 without knowing of 
the existence, certainly without ap- 
preciating the implications, of the 
revolutionary equation relating mass 
and energy. For somewhat the same 
reasons, more recent graduates were 
in danger of remaining ignorant of 
the scientific developments in physics 
research from the 1920’s onward. And 
then came the atomic bomb! 

Another essential innovation has 
been the recognition that the opera- 
tions of physical laws are statistical 
in nature, rather than exact, fixed re- 
lations between cause and effect. One 
can no longer hope to predict what 
one electron will do in a particular 
environment; one must, instead, plot 
on a probability basis the expected 
behavior of electron groups or popu- 
lations as they react to electric or 
magnetic fields. By Heisenberg’s Un- 
certainty Principle, we do not know 
exactly where an electron is or where 
itis going any too well. As a matter 
of fact, this principle is very closely 
related to some of the fundamentals of 
communication theory. 

Under these conditions, Ohm’s law 
becomes a statistical statement apply- 
ing to large assemblies of electrons 
in much the same way that actuarial 
data are used to compute insurance 
rates. Under the light of modern 


physics research, indeed, electrons 
have come to seem much more like 
people—unpredictable as individuals, 
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but safely predictable en masse. 
Physics and sociology do not seem as 
far apart as they once did. 

Quantum theory, the most impor- 
tant of our criteria for Modern Phys- 
ics, was difficult even for physicists 
to accept, perhaps because of its com- 
promise function role as a bridge be- 
tween wave and corpuscular concepts, 
and partly because it has never been 
completely satisfactory even in this 
conciliatory position. It has, how- 
ever, had valuable implications, chief 
among them the clear indication that 
the world of the atom, the electron 
and nucleus, the proton and neutron 
and “hole” can not be described by 
models, but only by new equations, 
new concepts of discrete rather than 
continuous phenomena. This has 
posed a troublesome barrier to the 
engineer, whose professional task of 
synthesizing devices and services to 
meet man’s needs has always utilized 
physical interpretations or models, 
plus insight and guided intuition. 

For many years, the research atten- 
tion of physics, by contrast, has been 
in these directions of sub-atomic, in- 
directly studied, reflected behavior 
operated upon by inferential methods. 
The advances from these studies have 
seemed both vague and far removed 
from the concrete realm of the engi- 
neer. Thus a gap developed between 
the new frontiers of physics and the 
everyday work of engineering produc- 
tion or instruction. This gap con- 
tinued to widen, and in a sense has 
been recognized in bulk and sub- 
stance by the requests of college phys- 
ics teachers (as formalized in the 
American Institute of Physics Re- 
port) for what amounts essentially to 
a second course in physics, superim- 
posed on the traditional classical ap- 
proach to engineering fundamentals. 


| 
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What this request says, in essence, 
is that the accumulated knowledge in 
the new atomic and nuclear realms is 
approximately equivalent to that or- 


dinarily covered under the classical: 


or traditional headings, and that phys- 
icists think these fresh areas of know]- 
edge should be added to the equip- 
ment of all graduates in engineering. 


How Approach? 


Various approaches have been tried 
to avoid overburdening the curricu- 
lum. In any case, the response of en- 
gineers must not be merely passive or 
neglectful of the new knowledge and 
principles brought us by physics re- 
search. Any thoughtful consideration 
of the work actually done and the re- 
sults available will convince us that 
we should not return to the generally 
complacent attitude characteristic of 
physics in the late nineteenth century 
and of engineering in the early twen- 
tieth. There is today no justification 
for any confidence that engineering 
design can continue to be based al- 
most entirely on classical physics, that 
traditional ways of thought will long 
be adequate for professional use in 
engineering, that devices perfected 
by physicists can be successfully 
adopted in toto, or that Modern Phys- 
ics itself is “the study of those prob- 
lems you meet only if you study Mod- 
ern Physics.” 


Effects on Engineering 


Major developments should shatter 
this complacency. On the dramatic 
side, unlike most young things, atomic 
energy was born and first applied 
with an initial size at the upper end 
of the dimensional spectrum (as 
might well have been anticipated 
from the c? in Einstein’s equation). 
This means that as a power source, a 


danger, a modifier of materials, both 
fission and thermo-nuclear phenom. 
ena threaten directly our past as 
sumptions and practices about struc 
tures and machines. Engineering 
products must not only be designed 
to resist greater shock, but attention 
must be paid to contamination and 
to radiation exposure resulting in 
changes of physical properties such 
as elasticity and heat conductivity, 
Even crystal structure is altered under 
neutron bombardment. 

Before specifying his reactor build. 
ing or his heat exchanger, therefore, 
the civil or chemical or mechanical 
engineer must consider whether in 
the presence of radiation and its prod- 
ucts the materials he has been a 
customed to use can be counted on a 
having the properties he has been in 
the habit of assuming for them. His 
steel may no longer effectively be 
steel, and some esoteric new alloys o 
elements may be demanded, with 
unique processing requirements, to 
give the qualities which in the pas 
have been attained more easily. 

Furthermore, as contamination is 4 
function of the materials exposed, and 
the nature of the radiation, structura 
engineers must have an understanding 
of isotope production and of the half 
lives involved for different elements 
Prediction is more difficult. In addi- 
tion to the traditional characteristie 
related to strength, weight, and duc 
tility, new constants must now be 
understood and evaluated for many 
materials. Similarly, design of struc 
tures and devices to resist radiation 
as well as shock requires scarcely les 
unrestrained and radical imagination 
than the safe but economical and 
permanent disposal of atomic waste 
products in unlimited or indefinite 
amounts for the power-enriched fore 
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geable future. And as Warren Weav- 
a’s recent report shows, the price of 
imorance in the handling of radio- 
active materials and devices may be 
paid by generations yet unborn. 

Only if these engineering require- 
ments are well met will new sources 
of energy, new devices, new materials 
of construction and manufacture, new 
possibilities for design widen the 
horizons of our standard of living! 
Only thus can engineering continue, 
in the terms of Webster, as “the art 
and science by which the properties 
of matter and the sources of power in 
Nature are made useful to man.” 
This is our engineering responsibility, 
smething we can no longer neglect! 
Ithas had and will have influence on 
every phase of our profession—on the 
processing of energy, the processing 
of materials, and the processing of 
information. 


Accelerating Progress 


The intensity and rate of this prog- 
ress are best illustrated by the steady 
shortening of delay times between a 
najor breakthrough in science and 
is application to practice, as illus- 
tated by the phenomenal accelera- 
tion in the actual use of atomic energy 
% a power source. Developments 
ince 1945 have proceeded at a pace 
and with a uniform success undreamed 
fthen. Already the obvious applli- 
ations such as the submarine Nautilus 
and the search for a long-range, high- 
pay-load missile are being supple- 
mented by experimental stations in 
tity power areas and by plans for 
nilitary and civilian developments in 
warts of the earth where fuel-supply 
sts may be greater than those of 
ractor installations, or where trans- 
wrt lines might be cut by political or 
nilitary developments. 
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To project reactor development be- 
yond the present, we need only look 
at its possible functions in relieving 
shortages of fossil fuels. Then we 
are faced again with the practical 
tasks of developing the new metal- 
lurgies, ceramics, thermodynamics, 
heat-mass-momentum transfer, control 
systems, stationary and movable struc- 
tures of radical types, and many 
other systems long considered directly 
and primarily in the engineer’s domain. 

Our challenge, then, is simply 
whether engineering education will 
recognize the existence of Modern 
Physics research, will survey its ex- 
tent, and will take swift action to meet 
the requirements for comprehension 
and absorption of these new engi- 
neering tools. Clearly we can no 
longer assume that Modern Physics 
and its research interests are just 
“knowledge for the sake of knowl- 
edge” that will have little effect on 
the physical world of practical, every- 
day society. 


Bridging the Gap 


One demonstration of bridging the 
gap between physics and engineering 
has been provided by the communica- 
tion engineer. Unlike the nuclear 
engineer, his bridge depended on the 
fact that, because the processing of 
information can employ devices which 
are small, and because the processing 
itself commonly makes use of elec- 
tron flow, the communication engi- 
neer can easily both apply and par- 
ticipate in modern physics research. 

Thus, the characteristics of gaseous 
rectifiers, the work function in ther- 
mionics, and the photoelectric effect 
were understood better and earlier 
because of research contributions from 
Modern Physics. Even here one can- 
not attribute the invention of either 


: 
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the photo-electric tube or the gaseous 
rectifier to Modern Physics, although 
concepts and leadership from physics 
greatly assisted their understanding 
and improvement. 
In solid state physics it is natural 
that the first major practical contribu- 
tions should have been in the under- 
standing of the simpler materials and 
the consequences of impurities or de- 
fects. Hence the knowledge of the 
elements germanium, silicon, and 
selenium has produced the transistor 
as well as major improvements in 
rectifiers and detectors. The next ad- 
vances were in the simple alloys of 
titanium and aluminum. Develop- 
ments in magnetic materials to give 
square hysteresis loops are particu- 
larly valuable for computer memories. 
As chemistry has provided a wide 
variety of new organic materials, it 
seems equally certain that solid state 
physics will continue to expand the 
production of new, and the improve- 
ment of old materials, both organic 
andinorganic. While these have been 
most useful to and therefore studied 
most by the communications engi- 
neer, it is logical to expect that their 
effects will spread rapidly to other 
fields of engineering. We must be 
ready to take advantage of this as- 
sistance, as electronics has already 
done in part, to assure our maximum 
engineering success for the future. 


The Promise 


Even more important than the ac- 
tual accomplishmnets up to date in 
improved materials, is the promise 
that such demonstrated progress will 
continue and will become increasingly 
important as time passes. New ma- 


terials not only serve to provide sub- 
stitutes for existing ones, but insure 
us against depletion of natural sup- 
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plies, increasing our independence of 
natural endowments both in energy 
and physical resources. 

Frequently, too, such synthesized 
elements turn out to be not merely 
“just as good,” but even superior t 
the old materials and applications 
An example is the development of 
phosphors for color television tubes, 
Here, even where the engineering 
procedure to obtain an approxima 
tion of the desired characteristics stil 


required cut-and-try, combined with 


endless testing, only a comprehensive 
understanding of solid state physics 
provided intelligent guidance for e- 
perimentation. In the same way, 
knowledge about the specific effect 
of both beneficial and detrimental im. 
purities is of the utmost importance 
in any rational exploration of crystal 
line materials. 


The Engineer's Position 


Perhaps the most important effect 
of introducing the ideas of Modem 
Physics into engineering education, 
and of applying them (together with 
other new. concepts such as inform 
tion theory and high velocity thermo 
dynamics) to engineering practice 
will be on the social position of the 
engineer. One can predict conf: 
dently that industry must and wil 
change at an ever greater rate as al 
outgrowth of new scientific and eng: 
neering developments. As the prob 
lems become more complex and di 
ficult, ever requiring more profound 
mathematical approaches, accurate 
predictions will be difficult to male 
and must be prepared by experts wht 
understand thoroughly all the deter 
mining factors. These experts, il 
turn, can only function properly i 
they have a major voice in the de 
termination of policy, for policies als 
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must change to meet new conditions. 
Only those organizations whose lead- 
es are alert to these changes will 
survive. Thus, engineers and scien- 
tists must have a growing part in the 
top management of successful cor- 
porations, a trend which has already 
been observed widely. Because they 
have recognized this opportunity for 
greater responsibility, engineering ed- 
ucators are also emphasizing the need 
for our students to have a broader 
social and humanistic education. 


Status of Engineering 


This has been the evolving history 
of engineering. When the products 
which could be provided by the engi- 
neer were simple and changed slowly, 
the overall determination of plans 
could be made by laymen, and in- 
volved primarily questions of capital 
available and of expected profits. 
Under such conditions the banker, the 
lawyer, and the politician made the 
decisions and then hired the engineer 
to execute them with detailed draw- 
ings and designs. This was the basis 
on which our canals, our railways, and 
the general industrial expansion of 
the nineteenth century developed. 

Those days are not likely to return, 
at least if we of engineering educa- 
tion are awake to our responsibilities. 
To meet this challenge, however, re- 
quires that we acquaint our students 
with the accumulated knowledge of 
modern research in physics and other 
fields, and that we keep our faculty 
members and student bodies abreast 
ofthe new sciences. Just how this can 
best be done must be determined in 
detail by many groups, and extensive 
studies are being undertaken with 
this goal in mind. It is also necessary 
that they understand through the 
study of humanities how people have 
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acted and reacted throughout the ages 
so their decisions and policies may be 
both humanly and physically practical. 
Certainly it is not our present task 
to discuss ways and means, but rather 
the general need. The basic impact 
of research in Modern Physics on en- 
gineering education is that of a great 
mass of essential knowledge which 
must be economically and efficiently 
absorbed into all our courses and all 
our points of view without adding 
disastrously to our curricular loads. 
This is more than anything else a 
question of attitude on the part of en- 
gineering educators. Given the will 
and some direct study-acquaintance- 
ship with research results, plus ex- 
perience in such research ourselves, 
a way can surely be found to incor- 
porate what is most valuable without 
too serious instructional dislocations. 


Widespread Absorption 


It is doubtful if the immediate next 
step should be to require of all un- 
dergraduate engineers a course or 
courses in Modern Physics as such, 
though certainly well-designed offer- 
ings should be available for those who 
wish them. Furthermore, we should 
surround our students with such an 
intellectual climate that progressively 
more and more will elect such courses. 
But the most productive results will 
be accomplished by the constant inte- 
gration of physics research findings 
into many phases of engineering in- 
struction. They can be incorporated 
into programs dealing with metal- 
lurgy, semiconductors, insulators, con- 
trol devices, thermodynamics, sani- 
tation, structures, materials, energy 
conversion, fluorescence, corrosion, 
wave propagation in various media, 
and many other areas of importance 
in engineering theory and design. 
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Certainly, too, no graduate degree in 
engineering should be awarded with- 
out some content in Modern Physics. 

This plan requires that engineering 


teachers themselves must have a full . 


understanding of the meaning of 
Modern Physics and its results as ap- 
plied to their own fields. It has been 
shown again and again that the most 
effective way to keep an educator at 
the forefront of scientific and engi- 
neering progress is to have him de- 
voting part of his energy to work at 
the frontiers—that is, to research. As 
the line of demarcation between 
teacher and research worker breaks 
down, and as our engineering in- 
structor becomes truly familiar with 
the new concepts by working them 
into his own problems, he will in turn 
be able to find the best way of bring- 
ing these concepts into the curriculum, 
through both existing and new courses. 


The Soothsayer 


Under these circumstances, our 
graduates will be better able to con- 
trol the impact of Modern Physics 
upon our social structure, for the 
benefit of society and the engineer- 
ing profession. Perhaps this turn of 
events can best be put in allegorical 
form. In ancient days success in bat- 
tle was deemed to result not only 
from wise generalship, but also from 
the design of Fate or the whim of the 
gods. Prediction or analysis of these 
conditions was the function of the 
soothsayer, and all well-equipped 
kings or generals had such a person 
as an important member of their staffs. 
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No battle was purposely joined with. 
out the assent of the soothsayer. 

With the wider acceptance of mon. 
otheism, however, God became pre. 
dictable as always being on the side 
of the right. The clergy were no 
longer asked to advise on the conduct 
of the campaign, but merely to assure 
the troops that they were on the side 
of God. Under such conditions, status 
as top staff members was soon lost. 

In modern times, without discount 
ing in the least the importance of 
ethical and moral grounds for policy 
decisions, there is an increased need 
for men who can predict the future 
accurately upon the basis of sound 
knowledge. This modern successor 
of the ancient soothsayer is the in- 
formed, socially-conscious interpreter 
of right under complex scientific con- 
ditions which leave the laymen or the 
uninformed hopelessly confused. A 
spectacular (and thank God a suc 
cessful) instance is that of Eisen 
hower consulting his weather experts 
before the Normandy invasion. 

For the years ahead, if we are wise 
enough to pick up the gage of Fate, 
that function of scientific and ethical 
leadership combined can well be dis- 
charged by the engineer. This, too, 
we might say, is the final impact of 
research in Modern Physics upon En- 
gineering Education. Given the vw 
sion to adopt, use, and continue ex 
panding the knowledge provided by 
science, engineers and engineering 
education may well provide the er 
lightened soothsayers of our tech- 
nological future! 
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RICHARD B. ADLER 


Department of Electrical Engineering and the Research Laboratory of Electronics 
Massachusetts Institute of Technology, Cambridge 


Presented at the ECRC General Session of the Annual Meeting, June 27, 1956. 


Before it is possible to consider 
adequately the specific role of science 
in engineering education (and I am 
going to restrict my remarks to the 
undergraduate level completely) it 
seems to me essential to try to estab- 
lish first its role in two much broader 
contexts: 


1. in modern life as a whole; 
2. in any undergraduate education 
today. 


Failure to clarify these general issues 
leads to great confusion in the specific 
case at hand. 

What science has done for the life 
of mankind falls into two major cate- 
gories: 


a. It has provided and recorded ob- 
jective and controlled observation of 
the world about us, so we may know 
as precisely as possible what happens, 
and how it takes place. 

b. It has provided quantitative 
models, called mathematical theories, 
which represent in a common logical 
scheme as many as possible of the 
multitude of observed, and offhand 
seemingly unrelated, events of nature. 
This process of model making may be 
called the quantitative organization 
of natural phenomena. It is usually 
distinct from, and subsequent to, the 
first (qualitative) classification or- 
ganization of observed events. It 
must also, however, do more: namely 
provide prediction of the quality and 
quantity of the outcome of observa- 


tions not yet made, in order that the 
extent of our observation shall be en- 
couraged to grow from such seeds of 
suggestion, the possibility of new ap- 
plication be enhanced, and the validity 
of our theories extended to include a 
continuously widening scope. 


The use of the two techniques de- 
scribed above, in alternate and inter- 
locking sequence, forms what may be 
called briefly the scientific method: 
the controlled observation and quan- 
titative organization of natural phe- 
nomena. It is as important in apply- 
ing science (doing engineering) as in 
furthering science itself. 

To the extent that the process of 
any education should, ideally, pro- 
duce in man a broad appreciation of 
the pattern of all his surroundings, 
past and present, it is obvious that 
the ever increasing domain of science 
must command an expanding fraction 
of man’s total education. In our 
present complex industrial society, W. 
R. Hawthorne ! suggests that: 


“Our education program even for a 
liberal arts student must include a study 
of science extended over the years of 
school and college. I would select phys- 
ics as the subject because it has the ele- 
ments of precision and romance which 
were so valuable a feature of Latin—a 
subject which is now lost to us as an 
educational medium. I would tend 


1“Education for our Industrial Society,” 
Mollie B. Mandeville Lecture, Brown Uni- 
versity, April 25, 1956. 
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rather naturally to emphasize the appli- 
cations of physics and its history. The 
study of application, in the form of some 
aspect of engineering, has the advantage 
that it relates the abstractions of science 
to the realities of manipulation. 
eight years of physics taken at not too 
fast a pace is not an unreasonable re- 
quirement for anyone who pretends to 
be an educated man in 1956.” 


Professor Hawthorne recognizes the 
need for mathematics in such a pro- 
gram, but he seems to stop short after 
algebra—which I find seriously incon- 
sistent with the amount of physics he 
is suggesting. Nevertheless, the gen- 
eral point is clear and well worth 
making. 

There are two other particularly im- 
portant items for our present discus- 
sion which I would like to emphasize 
from the foregoing quotation. 

The first has to do with the rec- 
ommendation that some application 
(called engineering) should appear 
with science in order to relate the 
latter more definitely to the real 
world. Here we find what might be 
called the “dual” of the topic of our 
own discussion, this dual topic being 
entitled: “The Role of Engineering in 
Science Education.” The fact is that 
science and its application (engineer- 
ing) are not completely separable, 
either educationally or professionally. 
Even a potential scientist cannot af- 
ford to rest his grasp of his subject 
entirely upon its philosophical foun- 
dations, and the best way to appreci- 
ate the implications of a purely scien- 
tific principle is often to study its 
consequences in the form of applica- 
tions. I quote Hawthorne’s example 


of thermodynamics as a revealing case 
in point, and marvel with him at the 
unique relation between the history 
and content of this beautiful, abstract 
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construct of the mind, and the every. 
day application of heat engines. 

The second item concerns the rea. 
sons why physics might be chosen as 
the logical science to be used as a 
vehicle in a general education, in. 
stead of, for example, chemistry, 
biology, or psychology. I believe we 
encounter here not necessarily a judg. 
ment passed upon the relative im. 
portance to life of one scientific field 
compared to another, but the simple 
fact that if the perception of quantita. 
tive patterns in knowledge is an im 
portant goal of intellectual life, and 
therefore of any education, then that 
domain of science which appears to 
have progressed farthest along quan- 
titatively organized lines should be 
used as a primary illustration. 

It is worthwhile to be a bit more 
specific now about the meaning and 
objectives of a so-called general un- 
dergraduate education. Let me say 
at the outset that to me an under 
graduate education which extends 
through the Bachelor’s degree is basi- 
cally a single concept. This does not 
by any stretch of the imagination 
mean that all undergraduate educa 
tion should be identical, or even 
nearly so, but it does mean that its 
primary objectives should be uni- 
versal. 

In particular, I do not put into this 
class of education one whose primary 
objective is either the development of 
a manual skill, or the furnishing of an 
apprenticeship in trade. Institutions 
(or branches of them) designed spe- 
cifically for the latter purposes must, 
and do, exist at the secondary school 
level and above, for those people 
whose talent and intellectual make-up 
mark them clearly for such work. 
Nor do I suggest that undergraduate 
education and apprenticeship cannot 
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be applied in fact to one and the same 
individual, as is indeed done either 
formally or informally in many cases 
today. 

I do feel, however, that all under- 
graduate education should have for 
one of its primary objectives the 
stimulation of challenging intellectual 
activity. To go further, borrowing 
from the more inclusive words of 
Dorothy Thompson,? 


“The education problem is essentially 
one of upbringing, which begins with 
inspiration to certain habits of conduct, 
including self-respect and respect for 
others according to clearly established 
standards, which must always include 
industry, love of work, and responsive- 
ness to high aesthetic and social values.” 


She points out also the danger of the 
boredom which results because 


“The organization of modern life tends 
to discourage the expenditure of effort 
by the whole personality, without the 
exercise of which the human person de- 
velops neither mental nor moral muscle.” 


I also argue on Miss Thompson’s 
side that “modern industry has 
achieved its phenomenal production 
by breaking down the work process 
into a myriad small operations, each 
of which is largely automatic.” In- 
deed, as the senior Henry Ford told 
Dorothy Thompson about twenty 
years ago, “There is no such thing 
any more as an unemployable person. 
IT can employ the feebleminded, ” he 
said. For my own part, therefore, I 
cannot assume that a process of un- 
dergraduate education is to be judged 
successful just because it succeeds in 
furnishing industry with employable 
people. And, so there will be no 

2“The Crisis of the West,” The Marfleet 


Lectures, University of Toronto Press, De- 
cember 13 and 14, 1955. 
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doubt about what I have in mind, let 
me add my belief that engineering 
education occupies a position in our 
society today which makes us, its 
purveyors, particularly vulnerable to 
being satisfied too well with this as 
a primary standard. 

Now undergraduate engineering 
education, if it is to exist at all within 
the framework of the words, means to 
me, first and foremost, undergraduate 
education. As such, it must meet in 
one way or another the very general 
objectives set forth above. How then 
does it differ? 

Let us be quite frank about it: the 
student who selects an undergraduate 
engineering or science education must 
agree to accept his learning through 
a special pair of colored glasses. He 
will have to receive intellectual stimu- 
lation, and learn some of the facts of 
general life, philosophy, and the his- 
tory of mankind and his thought, 
through a technically-tinted glass. It 
takes a somewhat remarkable man to 
absorb from a thus narrowed spectrum 
what others absorb in the same time 
from a broader one—particularly if 
there is additional very pressing busi- 
ness of learning at hand. It follows 
that the obtaining of an undergradu- 
ate engineering or science education 
(if one is to exist at all, worthy of the 
name) is a privilege of the few—not 
the right of many. I submit to you, 
moreover, that a great many of the 
men employed today in so-called “en- 
gineering” jobs do not need as pre- 
requisite an undergraduate engineer- 
ing or science education. A really 


suitable general education (which I 
have already pointed out should con- 
tain a good deal of science and math- 
ematics today—even if it doesn’t at 
present in most schools) would suf- 
fice—if supplemented by some on-the- 


124 


job or out-of-hour training for the 
rather specific purposes involved. Re- 
member that today graduate profes- 
sional study is always a possibility, 


often “on-the-job,” and I am inclined: 


to believe that any undergraduate 
who has not in late high school or 
early college shown quite clearly his 
ability (not just his inclinations) for 
creative technical work should be ad- 
vised promptly not to undertake an 
undergraduate special engineering or 
science education. He should instead 
be encouraged to follow a sound, 
modern, general education, with the 
idea of special courses or on-the-job 
study later if he finally does end up, 
through his interests and opportun- 
ities, in technical work of the more 
routine kind. 

What I have been saying, therefore, 
is that we dare not design a special 
kind of college education specifically 
for anyone who does not have both 
general college-level and special col- 
lege-level intellectual ability. This is 
not a new idea—the New England 
Conservatory of Music is not, and 
should not be, open deliberately at 
the regular undergraduate level to 
those of only casual or moderate con- 
‘cern for and ability in music—even if 
their intellectual capacity is high and 
their strong interests such that they 
may someday own music stores, han- 
dle records, or business-manage an 
orchestra. So it must be with the 
undergraduate engineering schools: 
they must aim at educating the major 
contributor to creative technical work 
—the men who will advance (not just 
reproduce ) the state of science or en- 
gineering. And, because there are 
always mistakes and marginal deci- 
sions made about people’s abilities in 
their ’teens, it is important that there 
must be many honorable exits and 
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transfers available from this special 
stream for those who find they should 
not, after all, be in it. 

Thus we come to the concept which 
I hold to be undergraduate engineer. 
ing education: an undergraduate edu- 
cation first, but designed especially 
for those students who, besides being 
generally of appropriate intelligence, 
already show clear signs of the spe- 
cial kind of intellectual capacity re- 
quired to advance the frontiers of 


science or engineering. The required 


special capacity is shown, I would 
say, primarily by two traits: 


a. A persistent interest in why, not 
just how or what, and 

b. A high order of ability in han- 
dling the abstract, usually meas- 
ured by mathematical talent. 


This concept, however, cannot be 
adopted unless it is accompanied by 
the conviction I have already ex- 
pressed that much good industrial 
technical work can, and should be, 
carried on by those who do not qualify 
to receive such a special kind of un- 
dergraduate education. 

In taking the foregoing position, I 
realize that I have raised some very 
difficult questions, which must be 
faced in more detail than I have so 
far considered them. 

First, it may sound as though the 
only man I am regarding as qualified 
for an undergraduate engineering ed- 
ucation is the one usually considered 
as “engineering research” material- 
or, more likely, as a potential scien- 
tist. Certainly I agree that such a 
man would be admirably suitable for 
these special purposes; but I also be- 
lieve that engineering in industry 
should be and would be upgraded 
measurably if more men of the calibre 
in question could be attracted into a 
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wider variety of the jobs where ap- 
plication of science is the major ob- 
jective. In this connection, I once 
noted with alarm the fact that a very 
large percentage of the really signifi- 
cant recent applications of science 
were not only conceived, but also 
quite extensively developed for prac- 
tical use, by men who were trained as 
scientists or applied mathematicians, 
rather than as engineers. From my 
own field I can cite the magnetron, 
the idea of radar, much of microwave 
circuitry, the traveling-wave amplifier, 
and most recently the ammonia or 
cesium “clock” and the molecular 
amplifier (Maser). I could add the 
transistor, the theory of information, 
or much of the theory of automatic 
control, and still not mention impor- 
tant non-electrical developments, like 
the nuclear pile. I was inclined to 
believe that this fact resulted pri- 
marily from a “superior” quality of 
the traditional scientific education, 
compared to the traditional engineer- 
ing education. In some respects this 
conclusion still appears to me to be 
accurate, although it misses never- 
theless a large part of the explana- 
tion. The fact is that the men re- 
sponsible for the foregoing develop- 
ments were of outstanding technical 
quality to begin with; but a most sig- 
nificant point for me now is that such 
men were attracted in their formative 
professional years to the study of 
science (or of mathematics), rather 
than to the study of engineering. It 
is certainly fortunate for all of us that 
they subsequently took an interest 
in the application of their respective 
fields, but it does not seem reasonable 
to rely completely and deliberately 
upon such random cross-migration of 
interest to support our future need of 
creative engineers. Should we not 
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design our undergraduate engineering 
education in a way which will make it 
appeal to these men of such great 
technical talent? 

This question itself raises directly 
three subsidiary ones implied in the 
concept of undergraduate engineer- 
ing education as I have presented it 
above. 

1. How shall undergraduate educa- 
tion be handled for those men of 
technical bent who neither meet the 
optimum requirements of such an en- 
gineering education, nor fall within 
the (rather large) spread of ability 
which can profit acceptably from its 
offerings? 

2. Isn't this class of men much 
larger than that previously defined, 
and isn't it likely that technical in- 
dustry will continue to have need of 
them in large numbers? 

3. Won't their training force us to 
formulate simply a different type of 
engineering education, more like the 
traditional one, in which the whole 
question of science and engineering 
education would again arise? 

I would approach these questions 
by first admitting freely to the rela- 
tively large number of these “un- 
qualified” men, and then to the prob- 
ably great industrial need for them 
now and in the future. Next, how- 
ever, I would suggest the possibility 
that subjecting them to a specialized 
technical undergraduate education, 
perforce less abstract, and perhaps to 
be described as more “practical,” than 
the one I have defined previously, 
would in fact be a detriment in the 
long run to them, and to our society 
as a whole. For to follow any inten- 
sive form of such a program would 
evidently seriously restrict the scope 
of their general education, and reduce 
their overall merit as citizens and as 


| 


126 


human beings; and, compared with 
what they would derive from a good 
general education, I doubt whether it 
would raise by anything like propor- 


tionately their usefulness in technical- 


industry beyond, say, the first year 
or two after graduation. Of course I 
am forced to presume in this connec- 
tion that a good general education 
would in the future normally contain 
at least an introduction to the calculus 
(perhaps one year), and at least two 
years of a quantitatively organized 
science (of which physics would un- 
doubtedly be the logical choice). 
Nor do I feel apologetic about this 
presumption from any point of view. 
Upon graduation, therefore, an in- 
terested man could have arranged his 
major to make him familiar with 
enough general physics and mathe- 
matics, plus an (elective) introduc- 
tion to the elements of one branch of 
engineering, to allow him to enter a 
technical job under direction. Spe- 
cialized further study, apprenticeship, 
or on-the-job training, could then 
make him very competent in one area 
—and he also would have the general 
background to acquit himself well in 
the economic, social, commercial, or 
political areas of his environment. 
Remember that many college gradu- 
ates who had practically no previous 
contact with electrical engineering 
were converted into quite acceptable 
electronics officers by less than a 
year’s training during the war. I am 
not suggesting this particular method 
as a general one, but it is in some 
respects an “existence theorem.” 

The hard fact appears to be that 
any sort of technical work which one 
could reasonably call “engineering” 
(as distinct from technician’s work, 
for example) requires for its per- 
formance at an industrially profitable 


JOURNAL OF ENGINEERING EDUCATION 


Vol. 47—No,} 


pitch more than four years of college. 
level study in some form or other. In 
the absence of formal graduate work 
industry in most cases absorbs the 
load by losing money on a four-year 
graduate for a year or more. The in. 
cremental change in this picture pro- 
duced by giving the undergraduate 
more special practical engineering 
courses, at the expense of other things, 
is likely to be very small—to say noth. 


ing of the fact that most technical f 
men do not end up doing what they 


envisioned while they were under 
graduates! 

Therefore my thesis is that the 
overall need for engineering man- 
power must be met from two sources: 


1. The men who can perform at 
least acceptably in rather special types 
of undergraduate engineering educa- 
tion (let us follow Tustin, and call it 
the curriculum of a “technical uni- 
versity’ ); 

2. the men who have technical in- 
terests, and who majored, in a not too 
concentrated way, in some form of 
engineering as part of a good general 
education. 

In both cases, additional study time 
of some kind will be required to make 
the man perform professionally at his 
own maximum level, but both types 
of men will have behind them some- 
thing we would be proud to call a 
good undergraduate education. 

The topic of our discussion has 
now become modified, by falling into 
two parts: 


a. the role of science in a general 
education, and 

b. the role of science in the engi- 
neering education supplied by 4 
“technical university.” 
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Time limitations force me to regard 
the first as having been covered by 
my previous remarks, at least suffi- 
ciently to justify my restricting myself 
from here on to the second part alone. 

Evidently, the first problem of the 
prospective high-quality engineer is 
to learn the science or sciences which 
he must apply. Here, however, we 
must be careful about our words, lest 
we fall into the misunderstanding 
created by the automotive industrial- 
ist who once gave an impressive talk 
to college professors emphasizing the 
importance of fundamental science 
as a background for his potential em- 
ployees. Everything was fine until 
someone asked him what he meant 
by “fundamental science,” to which 
be answered promptly: “How to press 
a body frame, of course!” 

So let me say what I mean by 
science here, in the context of under- 
graduate engineering education at a 
technical university. I mean any and 
all branches of knowledge about nat- 
ural phenomena which have reached 
the stage of very considerable quan- 
titative organization, and I include 
the mathematics required to under- 
stand them. Of course one goes only 
as far as one can in four years. But 
I would not, out of free choice, leave 
unstudied at the undergraduate level 
for any engineer any science meeting 
the foregoing criterion, and I would, 
if me permitted, penetrate into each 
one until the state of clear quantita- 
tive organization degenerates notice- 
ably. This is a frontier of science, 
and constitutes a logical stopping 
point for those interested primarily in 
its applications. 

My reasons for selecting the ap- 
propriate sciences in this way are 
several-fold: 
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1. They fit the requirements of a 
general undergraduate education, as 
previously set forth. 

2. When time is limited, a selection 
must be made; those sciences which 
are well organized quantitatively are 
the logical ones from which to expect 
the major application, because the 
mathematical theory is apt to be suf- 
ficiently clear to predict the feasibility 
of any potential application. Those 
sciences which are only classification- 
organized are much harder to apply, 
because a considerable period of im- 
mersion in them is necessary before 
the data can be absorbed and ‘felt’ 
sufficiently to proceed by complete 
intuition. 

Parenthetically, I would also not 
consider teaching at the undergradu- 
ate level very much of that part of 
engineering which falls into the clas- 
sification-organized engineering art, 
this part being always (by the nature 
of scientific progress) of a transient 
quality, and worth learning primarily 
to the already committed specialist 
who must perform at a given date in 
history. 

3. The inclusion of all (or as much 
as possible of ) the quantitatively well- 
organized sciences in an undergradu- 
ate special education would leave the 
product student in a position of maxi- 
mum flexibility, both as regards the 
general methods and concepts of 
science and the ability to absorb dur- 
ing the rest of his professional life 
the new quantitative organization 
which will certainly occur. He is 


therefore in the unique position of 
being ready to apply quickly what- 
ever may develop out of current 
scientific research. This is the key 
property of the engineering or ap- 
plied science leader, as distinct from 
the refiner of known applications, and 
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is becoming a real premium in this 
day when the time gap between new 
scientific discovery and its applica- 
tion is decreasing rapidly. 


Now it turns out, of course, that 
four years (or even six, including 
some high school) is far from enough 
to cover even those parts of science 
which are very well organized quan- 
titatively. Thus a selection has to be 
made of a field of applied science at 
the undergraduate level. I feel it 
should not be done by teaching more 
of the corresponding engineering art, 
but by weighting more heavily the 
corresponding branches of quantita- 
tively well-organized science. For ex- 
ample, both electrical and mechani- 
cal engineering students should be 
grounded thoroughly in advanced 
classical mechanics—a beautifully well- 
organized quantitative subject—though 
perhaps the electrical engineer would 
study more examples of generalized 
coordinates, and less of elasticity or 
deformation theory, than the mechani- 
cal engineer. Similarly, in the science 
of thermodynamics, the electrical en- 
gineer might emphasize more sta- 
tistical mechanics and less classical 
thermodynamics than the mechanical 
engineer. There is no engineering 
student today who should be ignorant 
of quantum theory, because of the 
profound effect this has had upon 
the quantitative organization of the 
properties of matter—with which every 
engineer must come to grasp sooner 
or later. The slant may vary, how- 
ever, being weighted for the mechani- 
cal engineer on the side of mechani- 
cal properties of matter, and for the 
electrical engineer on the electrical 
properties of matter. 

The difference between a potential 
engineering leader and a _ potential 


science leader at the undergraduate 
level should be largely one of inter. 
ests. Consequently the science edu. 
cation would emphasize more the un. 
answered questions of nature, while 
the engineering education would 
dwell upon the consequences of the 
answered ones, through reference to 
application. In short, a switch from 
engineering of one kind into some 
corresponding branch of science (or 
vice-versa) after graduation should 
never be difficult for the man who 
properly deserved, and obtained, the 
very special form of undergraduate 
education which I have called en 
gineering education. For such mea, 
it goes without saying that the maxi- 
mum of science and mathematics 
should appear in the curriculum 
Certainly four years of each would 
be reasonable. A rough program out 
line at the college level might look 
like the following: 


Mathematics 4 years 
Physics 4 years 
Other sciences (chemistry, 

and biology, psychology 


or its equivalent ) 2 years 
Humanities and Social Studies 
(including economics ) 4 years 


Science applications (selected 
according to area of engi- 
neering interest ) 4 years 


The detailed arrangement of the sub- 
ject matter, and the manner of stress- 
ing especially the consequences of 
science through its applications for 
the engineering student, will be dif: 
ficult to formulate; but it will not 
present us with as much of a problem 
as accepting in the first place the ne- 
cessity of the educational approach 
I have described. 
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FUTURE ENGINEERING ENROLLMENTS 
AND THE PROBLEMS THEY POSE 


ROSS J. MARTIN 


Associate Director, Engineering Experiment Station, 
and Professor of Mechanical Engineering, University of Illinois, Urbana 


Presented at the General Session sponsored by ECAC on June 28, 1956, at the Annual Meeting of ASEE 


Since 1950 there has been a grow- 
ing concern over the shortage of engi- 
neers. This shortage is particularly 
serious in view of the needs for engi- 
neering and scientific manpower to 
implement our increasingly technical 
economy as well as to provide for na- 
tional security. The untiring efforts 
of the Engineering Manpower Com- 
mission, the recent appointment by 
President Eisenhower of a committee 
to study this shortage, and numerous 
articles in the technical and popular 
press have brought the situation to 
the attention of the public. Further, 
job opportunities for engineering 
graduates have been considerably in 
excess of the number of graduates 
available, with a resulting increase in 
starting salaries as well as in premium 
salaries for experienced engineers. 
All of these factors have brought 
about substantial increases in engi- 
neering enrollment from the post-war 
minimum in 1951 to date. 

This upsurge of interest in engi- 
neering and the resulting enrollment 
increases have been encouraging from 
the standpoint of the obligations of 
engineering education to the nation. 
However, if enrollments continue to 
increase, there is need for serious con- 
sideration of the future and for ade- 
quate planning to insure that the high 
standards of education needed for en- 
gineers will be maintained. We must 
look ahead to (1) estimate the future 


enrollment potential, (2) make policy 
decisions about the part that our re- 
spective schools will play in provid- 
ing education for this enlarging group 
of potential students and (3) lay 
plans to make available the funds, 
staff, space and facilities required. 


The Present Study 


When we at Illinois began to con- 
sider such plans to allow for staged 
recruitment of faculty and construc- 
tion of buildings over several biennia 
(on a fifteen-year base, in fact), we 
found not only our present but our 
forecast enrollment figures to be star- 
tling. This led us into a three-stage 
investigation, in which we first ac- 
cumulated comparative data for what 
seemed to be a typical sample of insti- 
tutions, including midwest state-sup- 
ported universities, colleges of engi- 
neering in privately supported institu- 
tions, and private technical institutes. 

These data were then supplemented 
by comparisons with nation-wide fig- 
ures both for all engineering colleges 
and for ECPD-accredited institutions. 
Finally, we came back to interpret our 
own circumstances, which we knew 
best, in terms of the general trends 
which seemed to be evolving for en- 
gineering education as a whole. This, 
too, will be roughly the order of the 
present discussion, in which we will 
move from nation-wide enrollments 
to our own as an example—one which 
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may not fit all your cases exactly, but 
can be adapted as you see fit to your 
own peculiar circumstances. 

With the comparative group of en- 
gineering colleges, we emphasized not 
only enrollment totals and rates of 
increase, but also changes in enroll- 
ments by curricula. For the nation- 
wide analysis, enrollments were con- 
sidered in terms of population trends, 
numbers of college-age and older men 
interested in higher education gen- 
erally and the selection by such per- 
sons of engineering as a course of 
study. These factors, it was felt, 
would best define, using available 
data, the problems which we face 
both collectively and individually. 


The Case at Illinois 


The impact of enrollment increases 
at Urbana was first felt seriously in 
the fall of 1953, when for the second 
year we had large freshman enroll- 
ments and increasing numbers of 
transfer students. These occurred in 
spite of the introduction of higher en- 
trance requirements in mathematics 
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and major revisions in several cur 
ricula. By 1954 we were sufficiently 
confident of the trends to make long. 
range predictions of the student en. 
rollment and teaching loads for the 
fall of 1955, for 1956 and on to 1967, 
Our estimates for 1955 were exceed. 
ingly close to the actual enrollment 
and the teaching loads generated by 
these students. 

The data of Table I and Figure | 
indicate the enrollment trends at the 
Urbana campus of the University of 
Illinois (excluding the Chicago under- 
graduate division, Chemical Engineer- 
ing and Agricultural Engineering). 
The increases from 1951 to 1955 at 
Illinois have brought our enrollment 
up to and beyond that of the post-war 
veteran period. Also, the rate of 
growth, both absolute and in relation 
to the total University, caused us to 
give serious thought to the already 
looming problems of staff, facilities 
and funds in preparation for still 
greater increases in the future. 

Long-range enrollment studies have 
been made by our Bureau of Institu- 


TABLE I 
ENGINEERING AND UNIVERSITY ENROLLMENT EsTIMATES 
Enrollment Compared to University Ratio of 
Fatt Term | Total |e 
Total (10-15-55) University 
1951 1822 2317 100 100 15,145 15.3 
1952 2089 2554 115 110 15,464 16.4 
1953 2370 2842 130 123 15,797 19.0 
1954 2905 3383 160 146 16,866 20.1 
1955 3360 3950 186 171 18,075 21.9 
1956 3739 4405 205 191 19,150 23.0 
1957 4044 4778 222 206 19,550 24.5 
1959 4634 5555 254 240 20,200 27.5 
1961 5455 6494 300 281 22,785 28.5 
1963 5845 6984 320 302 24,250 38.8 
1965 6571 7711 361 334 26,500 29.1 
1967 7440 8585 408 371 29,100 29.5 
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Ficure 1. Enrollment Increase by College of Engineering and 
University of Illinois at Urbana. 
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tional Research for the total Univer- 
sity enrollments at the Urbana cam- 
pus. With the help of these data and 
our own projection of the ratio of 
engineering to total University stu- 
dents based on established trends, it 
was possible to estimate engineering 
enrollments as shown in Figures 1 
and 2. 

Also, Figure 2 shows the estimated 
staff requirements based on estab- 
lished ratios of full-time equivalent 
staff per unit of student enrollment. 
Mature consideration of future staff 
emphasizes the fact that as much or 
more effort should now be placed on 
ways and means of expanding our 
staffs as has ever been placed on the 
student shortage problem. Also, in 
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viewing the problem from the stan; 
point of our own potential needs f 
staff, we must look outward and cy 
sider the nation-wide situation in bol 
colleges and industry, since coné 
tions in these areas affect material 
the availability of staff. 


Nation-wide Enrollments 


Studies on a national basis (1) i 
dicate that total engineering colleg 
enrollment leading to the first degr 
has increased 51.5 per cent, from 14; 
997 students in 1951 to 221,448 i 
1955. During the same period, ty 
increase in ECPD-accredited schoo 
was 48 per cent for undergraduate 
and 12 per cent for graduates. | 
tabulation of these increases by cw: 


TABLE II 
CoMPARISON OF 1951 AND 1955 ENROLLMENT BY CURRICULUM 
Undergraduate Graduate (M.S. and Ph.D.) 
1951 1955 1951 1955 re 
Aeronautical 3,724 6,326 170 984 933 95 
Agricultural 1,523 1,758 115 120 164 137 
Architectural 3,601 1,808 50 45 15 33 
Ceramics 581 676 116 86 91 106 
Chemical 11,576 16,098 139 2,493 2,464 99 
Civil 19,744 23,784 120 2,057 2,276 111 
Electrical 24,564 45,835 187 5,402 6,481 120 
Eng. Mechanics 38 77 202 320 355 111 
Eng. Physics 1,366 1,426 104 411 147 36 
General 3,050 4,096 134 284 591 208 
Geological 938 1,610* 172 89 176* 198 
Industrial 5,067 5,991 118 1514 1,756 116 
Mechanical 27,134 39,691 146 3,286 3,475 106 
Metallurgical 2,237 2,609 117 759 812 107 
Mining 1,267 1,186 94 ig) 53 76 
Naval Arch. 213 185 87 102 106 104 
Petroleum 2,534 4,030 159 165 165 100 
Sanitary 122 33 27 129 137 106 
Textile 616 617 100 29 31 107 
Unclassified and others 18,472 32,519 176 984 1,340 136 
Total 128,367 190,355 148 19,327 21,568 112 


* Includes Geophysical. 
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TABLE III 


CoLLEGE-AGE PopuLATION, COLLEGE ENROLLMENT AND ENGINEERING ENROLLMENT, 
1939 To 1955 AND PROJECTED ENROLLMENT EstTIMATES TO 1969 

1939 9,753,500 1,365,000 108,426 14.0 7.9 
1940 9,803,000 1,490,000 113,497 15.2 7.6 
1941 9,853,000 1,180,000 114,610 12.0 9.7 
1943 9,776,000 965,000 52,450 9.9 5.4 
1945 9,537,000 1,074,000 69,680 11.3 6.5 
1947 9,273,000 2,333,000 244,390 25.2 10.5 
1948 9,036,000 2,410,000 241,554 26.7 10.0 
1949 8,805,000 2,456,000 219,712 27.9 8.9 
1950 8,685,000 2,297,000 180,262 26.5 7.9 
1951 8,567,000 2,116,000 165,637 24.6 7.8 
1952 8,076,000 2,148,000 176,549 26.6 8.2 
1953 8,002,000 2,251,000 193,333 28.1 8.6 
1954 7,968,000 2,500,000 214,414 31.4 8.6 
1955 8,081,000 2,721,000 243,390 33.7 8.8 
1957 8,296,000 2,820,000 282,000 (34) 10 
1959 8,786,000 2,910,000 306,000 (34) 10.5 
1961 9,897,000 _ 3,360,000 356,000 (34) 10.6 
1963 10,540,000 3,590,000 384,000 (34) 10.7 
1965 11,670,000 3,960,000 428,000 (34) 10.8 
1967 13,126,000 4,460,000 486,000 (34) 10.9 
1969 13,326,000 4,550,000 501,000 (34) 11.0 


*Data from 1939 to 1951 from Jaracz and Armsby, reference 1. Data from 1952 to 1969 from 


Thompson, reference 2. 


’Fall term enrollment. Data from 1939 to 1945 from ASEE, reference 1. Data from 1947 to 


1955 from Biennial Survey, reference 3. 


¢Fall term enrollment. Data from 1939 to 1955 from reference 3, Biennial Survey. 


titulum is shown in Table II. It is 
of interest to note that Electrical En- 
gineering undergraduate enrollment 
had the largest numerical increase and 
nearly the largest percentage increase 
of all curricula. Aeronautical and 
Petroleum Engineering also had sig- 
nificant increases in percentage of en- 
rllment. Graduate enrollment does 
not show a substantial growth during 
this period since the enrollment was 
tot at a minimum point in 1951. In 
contrast to the trend in undergraduate 
enrollments, graduate enrollment has 
increased steadily every year since 
147, with the exception of a slight 


decline in 1954 which was more than 
compensated for in 1955. 

In order to anticipate future re- 
quirements for staff, facilities, and 
funds, it is necessary to project enroll- 
ment estimates on the basis of both 
past and present trends. The most 
informative correlation appears to be 
that between the college-age (18-21 
year ) segment of the total population, 
with college enrollments and with 
engineering enrollments. Data on the 
college-age population for the period 
to 1970 have been formulated by R. 
B. Thompson of Ohio State University 
in a study conducted for the Amer- 
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ican Association of Collegiate Regis- 
trars and Admissions Officers (2). 
The college-age population for the 
continental U. S. from 1952 to 1969, 


as estimated in this report, is shown 


in Table III. Data for college-age 
population from 1939 to 1951 are 
from the U. S. Office of Education, 
Biennial Survey of Education (3). 
College enrollment and engineering 
enrollment are for the United States 
and its outlying parts for the fall term 
of the year cited. These data are com- 
piled from the Biennial Survey of 
Education (3) and from the JouRNAL 
OF ENGINEERING EpucaTion (1). 

An analysis of the ratio of college 
enrollment to college-age (18-21 
year) population is of special interest 
because the projection of this ratio 
makes possible an estimate of future 
college enrollment. The ratio has in- 
creased steadily from a value of ap- 
proximately four per cent at the turn 
of the century to 14 per cent in 1939. 
The decrease during the War years, 
1942 to 1945, was an expected result 
of the delay in college work for the 
veteran group. The sudden rise in 
this ratio in 1947 was due in part to 
the increased percentage of college- 
age youth attending college and also 
to the addition of the veterans who 
had been delayed during the War 
years. 

When correction is applied for vet- 
eran students enrolled (to compensate 
for the fact that veterans were pri- 
marily over the 18-21 year age) the 
ratio increases more nearly in straight 
line proportion with time, reaching a 
value of approximately 21 per cent in 
1951. It is felt, however, that under 
current and projected military train- 
ing requirements the ratio will con- 
tinue to be affected by students out- 
side the 18-21 year age group. This 


sharply increased ratio also resuk 
from larger numbers of students r. 
maining in programs of instructin 
which exceed four years in length 
such as graduate study and combim. 
tion courses. 

This trend appears to be a co 
tinuing one. For purposes of project 
ing enrollments, it was assumed tha 
the ratio of college enrollment to cd 
lege-age population will remain at } 
per cent. This would appear to ke 


conservative in the light of past his} 


tory. The results of all projected e. 
rollment calculations indicate that by 
1969 a total of 4,550,000 students wil 
be attending college. This represent 
a 67 per cent increase over the enroll 
ment in 1955, which is of the order of 
magnitude predicted by others, who 
have stated that college enrollment 
will double in the period from 195 
to 1970. 

Engineering enrollments can, it 
turn, be compared with college ev 
rollment over the past years with re 
sults as shown in Table III and Fig 
ure 3. Such a comparison shows that 
engineering enrollment represented : 
smaller fraction of college enrollment 
during the War years even though 
college enrollments were themselves 
greatly reduced. 

The drop was compensated fo 
in part by the increased percentage in 
the post-war years 1946-49, and the 
ratio has continued to increase from 
1950 up to and including 1955. An 
extension of the ratios as indicated by 
the trends is shown in Figure 3. Value 
of the estimated future engineering 
enrollments calculated from these 1 
tios are given in Table III and Figure 
3. If one were to be ultra-conserve 
tive, a constant ratio of nine per cert 
could be projected. This does not 
seem proper, however, in view of the 
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Ratio, Engineering to College Enrollment, Per Cent 
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Engineering Enrollment, Thousands 
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Engineering Enrollment in U.S. Compared to All College Enroliment 
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intense interest in engineering by the 
general public as well as the job op- 
portunities in industry and govern- 
ment which should continue to at- 
tract talented young people to our 
colleges of engineering. On the basis 
of this analysis, assuming a slight in- 
crease in the percentage of choice for 
engineering, from ten per cent in 1957 
to eleven per cent in 1967, we can look 
forward to 501,000 engineering stu- 
dents in 1969. Admittedly, in the 


event of a national emergency, it could 
be less. But my personal feeling is 
that it will be even greater. In any 
case, we should prepare ourselves for 
this possibility, and think ahead in 


these terms. 


The College Problem 


What are the implications of this 
strikingly large projected increase in 
future enrollments for the various col- 
leges of engineering? First, we must 
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consider the fact that with the in- 
creases already experienced since 
1951, the added loads have not been 
equally distributed among engineer- 
ing colleges. 
through the effect of circumstance, 
many colleges have had increases of 
100 per cent or more in undergraduate 
enrollment, while others have been 
far below the 48 per cent average of 
ECPD institutions. The same varia- 
tion holds true for graduate enroll- 
ment, although not necessarily for the 
same colleges. 

It appears, therefore, that each col- 
lege must analyze its own particular 
situation and circumstances in order 
to evaluate fully the impact of future 
enrollment possibilities. In our case 
at Illinois, the accelerated growth of 
engineering in relation to the rest of 
the University has introduced the need 
for major reappraisals of requirements 
in all fields—staff, funds, and building 
facilities. 

Bearing in mind that policy read- 
justments take considerable time for 
implementation, we must look ahead 
at least four to eight years for returns 
on any combination of planning, 
budgeting, and execution. This means, 
in turn, long-range planning now if ac- 
tion is desired in time to meet student 
requirements and the national need for 
expansion of our trained manpower re- 
serve. If we wait for future condi- 
tions as envisioned here to overwhelm 
us, the result of efforts to expand will 
in all probability be too late, whether 
too little or not. 

Even those colleges which choose 
to establish the policy of not provid- 
ing for or accepting additional student 
loads must plan with equal care. They 
need to develop and perfect wise and 
equitable methods of selecting and 
guiding students for the common 
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good. Needs related to shifting pop. 
ularity in established curricula make 
it difficult—if not impossible—to fore 
projected student loads into the mold 
of present staff and facilities. 
Finally, regardless of the particula 
distribution of students among the 
engineering colleges, we must face 
squarely the fact that our require. 
ments for engineering teachers wil 
also nearly double in the next 12 to 
15 years. As student numbers go up, 
staff needed will rise in about the 
same proportion. Our educators have 
traditionally been trained in the same 
way as have those who plan to under. 
take other activities within the pro 
fession. For higher education gen- 
erally, in fact, there has been and is 
presently no special way of identify- 
ing, encouraging or giving particular 
attention to future teachers as such at 
an early stage in their student careers. 
We have perhaps been negligent in 
our duty here. If we are to provide 
for the markedly heavier educational 
loads of the future, we must revise 
our thinking sharply, and begin to act 
—particularly by identifying and pro- 
viding incentives for students with the 
potential to become good teachers. 
The ability of our teachers has a 
major or even a controlling influence 
on the quality of our graduates. As 
engineering educators and adminis- 
trators, we must take every precaution 
to maintain and up-grade the quality 
of our students, even though it be- 
comes necessary to restrict quantity. 
This is as important for the well- 
being of the nation as for that of our 
profession. The possibility of being 
outnumbered by the Russians in avail- 
able resources of trained scientists 
and engineers is serious enough. It is 
not nearly as important, however, as 
failure to develop to the maximum 
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the creative and analytical minds who 
provide leadership and technological 
advancement both now and in the 
future. Our challenge, then, is to 
educate with maximum effectiveness 
as many as we can of our increasing 
potential student population. 

We must give consideration to the 
development of new areas of engi- 
neering education and evaluate their 
interaction with presently accepted 
course materials. Nuclear engineer- 
ing, the application of solid-state sci- 
ence in engineering, and many other 
developments are making our labora- 
tories obsolete. In some respects, per- 
haps, a fraction of our staff may be in 
danger of losing effectiveness, too. 

In periods of heavy loads it is often 
easy to follow the path of least resist- 
ance and avoid the introduction of 
new courses which require the atten- 
tion of senior staff members. During 
the relatively short-run G.I. peak this 
attitude might have been justifiable, 
but it is certainly not appropriate now 
in view of the long-range nature of the 
increases ahead. Stagnation, in order 
to process larger numbers of students 
ina hurry, is not defensible today. 

Some might hold out the hope that 
the recent emphasis on humanities 
and arts will provide engineering col- 
leges with relief in the technical-sub- 
ject instructional loads for a given 
number of students. Our own experi- 
ence in analyzing engineering teach- 
ing loads per student has shown that 
any possible class reduction from hu- 
manistic electives is more than out- 
weighed by the increased percentage 
of transfer students who enter engi- 
neering with credit for a large number 
of non-technical courses. By virtue of 
this previous work, such students con- 
centrate more heavily on engineering 
subjects. The result in our case has 


been, not a decrease, but a net in- 
crease in engineering instructional 
loads per student. 

In concerning ourselves with the 
statistical picture of long-range future 
enrollments, however, we should not 
neglect a factor which has for a long 
time reduced our effectiveness and in- 
creased our teaching load compared 
with the number of degrees actually 
granted. Because proper selection 
and guidance criteria have been lack- 
ing, many students enter engineering 
who are neither mentally nor psycho- 
logically suited to their tasks. This is 
borne out by the large attrition rate in 
engineering—estimated at from 60 to 
70 per cent of entering students. 

Conversely, there undoubtedly are 
large numbers of college-level stu- 
dents who, with proper preliminary 
training and counseling, would make 
outstanding engineers—perhaps even 
superior engineering teachers. For 
both of these groups we need better 
and more accurate direction-finders. 


Further Study Advisable 


In conclusion, then, we appear 
to face as a group, though with vary- 
ing degrees of intensity, a common 
problem of much greater magnitude 
than has generally been supposed. 
Also, our problems threaten us in en- 
gineering much sooner than had been 
assumed, significantly ahead of the 
rises for higher education generally. 

The degree of variation from insti- 
tution to institution, however, sug- 
gests that each of us should carry 
these studies further, adapting and 
checking the results for our own lo- 
cal conditions and institutional pol- 
icies. Though the present forecasts 
incorporate two to three conservative 
factors, these might also operate in re- 
verse. Thus, we may face, collectively 
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as well as individually, burdens con- 
siderably greater than indicated now, 
as well as conceivably somewhat less. 

For example, both the duration of 


time spent in college and the choice - 


of engineering by university-bound 
students might rise enough to com- 
plicate our estimates and add to our 
loads. These factors especially, which 
now depend largely on judgment, and 
for which we have hardly adequate 
predictive data (how can we evaluate 
accurately the effects of pro-engineer- 
ing career publicity of the last few 
years? ), seem to deserve attention. 
The theme of our observations so 
far appears to be probable enrollment 
increases which demand immediate 


attention and in many cases drastic — 


action. The individual variations on 
the theme we must work out for our- 
selves. In any case, it seems that we 
should cooperate in finding and train- 
ing greater numbers of our best stu- 
dents as teachers. 

One benefit of this policy would be 
to avoid overloading (and possibly 
losing) the competent staffs we now 
have. Devoting some time to devel- 
oping and enriching our instructor re- 
sources, adding to our available teacher 
pool, can certainly do good without 
harm. A specific area of joint action 
which I would like to see expanded 
would be that of arranging exchange 
programs for advanced graduate in- 
struction of potential teachers. In this 
way we could at once gain recruits 
and avoid the dangers of excessive in- 
breeding; we could both broaden staff 
points of view and insure practiced, 
well-prepared instructors. Coopera- 
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tion could even be extended to hous. 
ing and assistantships, which would 
ease greatly the burdens on young en. 
gineering teachers, and might actually 
attract more graduates into teaching 
as a career. 

In short, our work appears to be 
cut out for us in terms of nation-wide 
enrollment prospects and _ resulting 
demands upon instructional staffs. It 
appears, however, that some factor 
of the selective mechanisms for stu. 
dents deserve closer study, which | 
suggest should be carried on witha 
maximum of idea-exchange. Last, it 
seems that with a cooperative ap- 
proach by all of us who are most con- 
cerned, our problems can be met suc- 
cessfully, and that we can even have 
a: good hope of improving engineering 
education in the process! 
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fare. (See also previous biennial 
reports. ) 
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THE COLLEGE FACULTY CRISIS- 
WHAT THE COLLEGES CAN DO 


WILLIAM G. VAN NOTE 


President, Clarkson Cio of Technolog 
Potsdam, New York 


Presented at the ECAC General Session of the Annual Meeting, June 28, 1956. 


When I first received the assign- 
ment to speak on the college faculty 
crisis, I had read, listened, and thought 
considerably on the subject. Yet, 
feeling insufficient to the task, I wrote 
about thirty-five of my good friends 
and acquaintances asking for their 
views. I am grateful to the many 
who replied. 

I am well aware that the problem 
is not solved as I begin. It will be 
scarcely more so when I have ended. 
I hope, however, to review, for your 
further thought, suggestions already 
known to you, and possibly add one 
or two new ones. 

President Harold Taylor of Sarah 
Lawrence College has stated: “A stu- 
dent is the center of education. 
Schools and colleges exist to increase 
his intellectual and moral powers. 
Whatever is done in the colleges and 
whatever anyone proposes to do must 
take into account the effect it will 
have on the student.” President 
Taylor goes on to emphasize that no 
matter how brilliant or stimulating a 
teacher may be, he can only provoke 
students into thinking, stir up their 
intellectual curiosity and bring them 
to a point where they, themselves, 
choose to become scholars. 

With this in mind, the real problem 
before us becomes how best can we 
maintain and further present effec- 
tiveness in engineering education. 
The faculty is the greatest single fac- 


tor in this responsibility and since 
faculty appear to be in ever increas- 
ing short supply, we are faced with 
today’s College Faculty Crisis. In 
thinking of ways to solve, or at least 
alleviate it, let us keep the effects on 
students as our sole yardstick for 
judgment. 

The many suggestions I have read 
and heard plus my own thoughts as 
to what can be done, divide into two 
categories: those in which (without 
outside aid) we help ourselves, and 
those in which we accept assistance. 


Independent Measures 


First, let us consider what we can 
do for ourselves, independently. It ill 
behooves us to cry for help until we 
have exhausted all our own resources. 
Since we pride ourselves on how en- 
gineering education develops self-re- 
liance, we are doubly charged with at- 
tempts at self-salvation. 

While many suggestions as to how 
we can help ourselves are debatable 
as to merit and logic, I begin with 
one that I believe is beyond question. 
This is that we scream to high heaven 
about our problem so that the entire 
nation hears it over and over. 

Constantly, I am amazed to find 
how little the general public, and 
even close friends, know of affairs 
that I think are widely understood. 
I think this because I live so closely 
with the whole affair myself, talk with 
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associates about it, even read much 
about it in the press, yet I find others 
know little of or are unimpressed by 
what I think is obvious. They are 
too engrossed in their own problems 
to worry much about ours. I sup- 
pose they are assuming that we, in 
turn, know their problems and this is 
not true either. One correspondent 
wrote, “the seriousness of the faculty 
situation as it actually is and as it bids 
fair to continue, should be publicized 
with the greatest vigor and all the 
force we can marshal. This inform- 
ing of the public I find, in sampling 
right here on our own campus and 
in the neighborhood, is really neces- 
sary. In a chance conversation at 
lunch with a local man who should be 
expected to have some inkling, I dis- 
covered that he had only the foggiest 
sort of notions. 

“Last weekend we had our own De- 
velopment Council and Trustees meet- 
ing. Even these men were not really 
aware of the advanced stage of the 
malady. I got some very solemn atten- 
tion when I mentioned some cold hard 
facts. If such people, who might be 
expected to be more or less conver- 
sant with the situation, are so poorly 
informed, the general public must be 
innocent as baby lambs about it.” 

In short, we should do all possible 
to publicize our plight, especially by 
TV and radio. It is a job that the 
ASEE is especially well fitted to un- 
dertake through its officers and com- 
mittees. You cannot over-sell this 
problem. Continuous and emphatic 
repetition is needed. 

Another way in which we can help 
ourselves and which I believe is be- 
yond debate, is to be responsible and 
sensible, and to refrain from the ab- 
surd and ridiculous. I have heard 
educators bragging about their re- 


Vol. 47—No, 2 


spective institutions in such ways that 
an outsider, overhearing it, would 
think he was listening to a promo- 
tional ramble among some of the 


‘more irresponsible and lurid publicity 


men in the movie industry. 

Not long ago, I heard a senior ad- 
ministrative officer of a professional 
college give a very glowing account 
of his institution that was filled with 
superlative generalities highlighted by 
the statement that in his institution, 
they actually gave six years of educa- 
tion in four. Six years of what kind 
of education? 

Obviously, no educational institu- 
tion can give more than four years of 
full measure education in four years. 
Claims that one does invite compari- 
son with a milkman who advertises 
six quarts of milk to the gallon. He 
can only do so by serving short quarts. 
The educator who made this state- 
ment did no service either to his in- 
stitution or to education in general. 
Extravagant nonsense can hurt our 
cause and I suggest we refrain from 
it in publicizing both college services 
and needs. 

Also let us state our case fully in 
all areas. In the past twenty-five 
years, higher education in the United 
States has added to its responsibilities 
that of public entertainment. I refer 
to intercollegiate athletics. 

If certain administrators choose to 
pay athletic coaches more than full 
professors, that is their business. Like- 
wise, if they choose to give their ath- 
letically able students “the full ride” 
(i.e. all tuition, board, room, books, 
laundry, and some spending money), 
that is also their business, but let’s be 
honest about it. When we go to the 
public at large and say that we can't 
pay adequate salaries to professors, 
let’s indicate what our basic values 
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are and their ratio one to another in 
our judgment. 

I am not trying to be sanctimonious. 
I am the chief executive officer of a 
college that this year had, if not the 
finest hockey club in the nation, at 
least one that can make an extremely 
strong claim to it. I think I know 
exactly what it costs us to put this 
club on the ice and I am perfectly 
willing to make this information avail- 
able to all our friends whom we are 
going to ask for their support. It was 
made totally available this past year 
when we were visited by an accredita- 
tion team of the Middle States Asso- 
ciation. We are not unbalanced. 

There are many other areas in 
which the colleges and universities 
are supporting delightful and often 
advantageous fringe programs helpful 
to a well rounded education. I am 


not suggesting that they be eliminated — 


or even curtailed. I only suggest that 
in placing our faculty crisis case be- 
fore the country, we be honest about 
our total college budget and where 
we choose to spend our money. 

Instructions on how to solve our 
faculty problem are many and varied. 
Overwhelmingly, the simple answer 
heard most frequently and most loudly 
is to raise salaries. The solution is 
poorly stated. In this June’s issue of 
Nation’s Business, in an article en- 
titled, “Crisis Building Up In College 
Classrooms,” a table is given showing 
that professors’ salaries were raised 
from less than $4,400 in 1929 to $7,000 
in 1953. This is an increase of 75%. 
The table also shows that increases in 
the same period for assistant profes- 
sors were from less than $2,700 to 
$4,600, an increase of 70%. Instruc- 
tors’ salaries were raised from $2,000 
to $3,700, an increase of 85%. Sal- 
aries have been raised. 
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The solution does not lie alone in 
raising salaries. It lies in raising the 
relative purchasing power of the fac- 
ulty member in relation to the rest of 
society. The table to which I refer 
shows that in this period of 1929- 
1953, while the professor’s salary was 
being raised, he actually lost 10% in 
purchasing power, the assistant pro- 
fessor lost 1%, and the instructor 
gained just 10%. During the same 
period, physicians gained 48% in pur- 
chasing power, automobile workers 
57%, and bituminous coal miners 
90%. It won't do much good simply 
to raise the salaries of professors if, 
simultaneously, those of the automo- 
bile worker, the industrial worker, and 
other professions are rising at a more 
rapid rate. 

Another closely associated problem 
is that of increasing the college pro- 
fessor’s prestige. While it is more 
difficult to give a quantitative value 
to prestige than to purchasing power, 
it is probable that the community 
admiration of the faculty member has 
dropped at least as rapidly as his 
purchasing power from 1929 to 1955. 
This is one area in which nobody can 
help us but ourselves. No govern- 
ment subsidy, no grant from industry, 
no law can do it. 

The problem of raising salaries can 
be attacked by the colleges alone and 
also in cooperation with outside agen- 
cies. In thinking of what we can do 
for ourselves, I have already sug- 
gested that, if we wish, we can cut 
out some of the programs not basic 
to education and apply the money to 
faculty salaries. This suggests major 
surgery and I suspect there will not 
be many takers to this suggestion un- 
til things are even more desperate 
than they are now. But it is possible, 
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and if we don’t do it, let’s candidly 
admit we don’t choose to. 

Another way that salaries can be 
raised is by increasing the efficiency 
of teaching. As with prestige, it is 
difficult, quantitatively, to assess effi- 
ciency in education. Faculty produc- 
tion cannot be measured in dollars or 
output as is possible in industry. The 
increase in industrial efficiency is ac- 
curately computed; industrial wage 
increases have kept pace or better, 
and this advance will continue. While 
educational efficiency is not so well 
defined, increases in educational effi- 
ciency have not kept pace with those 
in industry, and much of our problem 
lies here. The problem is compounded 
when industry works its manpower 
11% months a year and education in 
only nine tries to match industry’s 
pay envelope. 

Now what do we do? Anything 
that can be done to increase salaries 
of faculty that jn no way lowers teach- 
ing effectiveness, is worthy of careful 
consideration. 

A good area to examine is that 
sacred cow, the student-faculty ratio. 
It has long been held that the college 
with the lowest ratio of students to 
faculty is doing the best job. But is 
it? It is interesting to see the grad- 
ual, almost timid approach that edu- 
cators are making in suggesting that 
this ratio problem be opened to scru- 
tiny. Yet more and more are doing it. 

A dean writes, “I get the impression 
that quite a few faculty members and 
even whole departments subscribe to 
the idea that the more time they 
spend with the student the better edu- 
cational job they do. As a result, con- 
tact hours go up and hence more 
teachers are required. I feel that we 
can go a considerable distance in 
the opposite direction and do a better 
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educational job on our students. Our 
own staff has done some experiment- 
ing in mechanics which indicates that 
this fetish of small sections is not 


‘sacred beyond amendment.” 


President Malott of Cornell writes 
in a recent article, “I have never my- 
self been sure that we are correct, in 
this academic hierarchy, in our wor- 
ship of very small classes under all 
conditions and for all subjects.” 

I believe there is an increased will- 
ingness to experiment with larger sec- 
tions and I have run across numerous 
references to the studies in this direc- 
tion that are being undertaken by the 
Harvard School of Business Adminis- 
tration. I understand they have de- 
veloped both classrooms and teaching 
techniques where classes of 100 stu- 
dents can be handled with lively dis- 
cussions. I think this is one of the 
most promising suggestions that has 
come to my attention. 

It is but a step from a discussion of 
small versus large classes to the use 
of closed-circuit television. Here the 
idea is to have your cake and eat it 
too. We still cling to small classes, 
made by fragmenting a large one. Of 
these fragments, one has a live instruc- 
tor and the remaining have a black- 
and-white image on a_ twenty-four 
inch screen. So much has been said 
about this and so many of you know 
more about it than I that I will say 
only that until I see more of it and 
am impressed by its results, I cannot 
believe it is more than a very modest 
tool among the great number we need. 

No one seems to have suggested 
that the neighborhood movie theatre 
be pressed into service. It could be 
used for closed circuit TV as it is for 
prize fights, surgical demonstrations, 
and sales meetings. It makes avail- 
able a screen far larger than anything 
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possible ina classroom. It can be used 
for educational films as well. (I have 
often wondered, incidentally, why the 
publishers of textbooks have not pro- 
moted films for sale as they do books. ) 

Numerous suggestions seem far 
more radical than the idea of using 
the neighborhood theatre as an ad- 
junct to a college. We might even 
make the proprietor an honorary pro- 
fessor and, of course, gain a corre- 
sponding reduction in rental rates for 
the great honor bestowed upon him. 
I appreciate that a motion picture 
does not provide a live commentator 
as does television. But neither does 
atextbook. There is, though, so much 
basic information that can be pre- 
sented by motion picture that I be- 
lieve there are wide areas where the 
neighborhood theatre can be used to 
marked advantage. 

Another way in which we can in- 
crease the effectiveness of instruction 
is by assigning our best teachers to 
those who need it the most. In many 
areas today, we do just the reverse. 
Over twenty years ago I remember 
being midly shocked by hearing a 
respected professor suggest the best 
teachers should teach freshmen, and 
the poorest, the seniors. He con- 
cluded by saying that any fool can 
teach graduate students. Though 
speaking lightly in the last statement, 
there is much serious thought in his 
earlier words. Yet often we find the 
most skilled teachers and the finest 
scholars reserved for upper classmen 
and graduates only. 

Several years ago, I interviewed an 
assistant professor in a large mid- 
western university as a candidate for 
a position in mathematics. He told 


me that all freshmen in mathematics 
in his institution were taught by grad- 
uate students and he was quite sure 
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that this was also true in physics and 
chemistry. In other words, the stu- 
dents most in need of skilled teaching 
and inspiration were assigned those 
least likely to give it, inexperienced 
young men whose primary interest 
was their own educational program. 
This is indefensible and makes no 
strong appeal to government and in- 
dustry when we go to them and ask 
for help while claiming we now are 
doing our best. 

Another way we can help ourselves 
is to reward merit and not seniority. 
Those administrators who now have 
a timetable, which, coupled with de- 
grees, defines what a man will earn at 
a given period in his career, should 
throw such a timetable away! I know 
some of the problems this suggestion 
carries, but the alternative is both 
stupid and unfair. It again puts us 
in a poor position if we ask for out- 
side help and claim we are doing all 
we can within. 


Cooperative Measures 


Now let’s turn to how we can join 
with others for aid. All my listening 
suggests that industry is looked to for 
help and is willing to help in very 
many and very important ways. 

Many suggest that industry could 
help the colleges by not “raiding” fac- 
ulties and also that colleges should 
not raid each other. (Whoever started 
the word “raiding” must have been a 
close relative of the man who invented 
the question, “Have you stopped beat- 
ing your wife?” “Raiding” is a poor 
word.) I take a dim view of this 
suggestion and frankly hope the day 
never comes when we will have agree- 
ments that prevent so-called “raid- 
ing.” The suggestion of such an 
agreement implies that we form a 
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cartel, un-American to the core. I 
don’t aspire to have in my institution 
a faculty made up of “slave labor,” 
and this term is just as accurate as the 
term “raiding.” I don’t believe that 
we can attract many teachers of out- 
standing ability if they come with us 
with the understanding that, through 
agreements with other colleges and 
with industry, they will be denied op- 
portunity to improve themselves by 
going elsewhere. 

Cries of raiding sound suspiciously 
like plaintive admissions of our own 
inadequacy. They are pleas for a 
negative assistance that does little to 
raise the prestige of education. Like 
most problems, compromise is re- 
quired. I hope, however, that indus- 
try will feel a responsibility to the col- 
leges from which they wish to recruit 
faculty personnel for themselves. 

The great majority of suggestions 
of help from industry is concerned 
with unrestricted cash contributions 
to the colleges. Then follow sugges- 
tions for industrial assistance through 
scholarship aid, placing of research 
contracts with colleges, summer em- 
ployment to professors and the loan of 
industrialists to faculties on any one 
of several arrangements. To the sug- 
gestion that industry make unrestricted 
cash contributions to colleges, I have 
no complaint and I suspect none of 
you do either. The industrial formula 
for wise giving is quite difficult and 
one with which industry is struggling. 
Many educators are attempting to 
help, generally with plans that turn 
out quite favorably to their own insti- 
tution—a natural and forgivable action. 

In offering scholarships, industry 
has been generous and probably will 
continue to be more so. It is gratify- 
ing that increasingly industry is pro- 
viding not only full tuition but sub- 
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stantial grants-in-aid that go toward 
the total cost of education. The opin. 
ion appears to be growing among edv- 
cators, however, that this type of as- 
sistance can be overdone and more 
industrial concern should go for the 
“poor professor” than for the “poor 
student,” poor financially, you under. 
stand. 

In some areas, industry can assist 
effectively by offering faculty summer 
employment and part time or consult. 
ing work during the academic year, 
This can be very helpful, though it is 
less applicable for those institutions 
located far from industry. 

It is frequently suggested that in- 
dustry should lend some of their em- 
ployees for a year or less to colleges 
as professors. This has its limitations 
for, no matter how effective an in- 
structor may be, it takes several years 
to reach full effectiveness in a faculty 
program. A long-term arrangement 
between an industry and a college 
whereby an engineer might spend 
part time in each place could be very 
effective, however. 

The foregoing suggestions may hold 
much promise as stopgap answers to 
our present crisis. I do not believe, 
though, that the lasting and complete 
solution to our problem of faculty 
crisis lies in them. So long as educa 
tion charges less than the cost of its 
product, operates its plant and per- 
sonnel only nine months out of twelve, 
increases efficiency questionably, if at 
all, and simultaneously tries to match 
wages with industrial competitors 
which charge full costs plus profit for 
their products, operate plants con- 
tinuously, obtain eleven to eleven and 
one-half months productivity per year 
from workers, and steadily increase 
efficiency, education will be the loser 
and forced into the position of a de- 
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pendent who, to sustain life, must beg 
alms from its more productive rivals. 

As a basic necessity to the solution 
of our faculty crisis problem, I pro- 
pose that education develop some sys- 
tem of financing that at least provides 
a sum sufficient to cover its full op- 
erating costs. 

Currently, the student pays the full 
price of all the various costs of his 
education except instruction itself. He 
pays full costs for board and room and 
for all equipment, books, instruments 
and the like. He pays the full costs 
in supplying accessories, including 
transportation, clothing, incidentals 
and amusements during his years in 
college. The one thing he doesn't 
pay in full for is his professors’ worth. 

The colleges face a crisis because 
they are selling their professors’ serv- 
ices below demonstrated’ value. By 
obtaining higher salaries elsewhere, 
the professors are only demonstrating 
what their true value is. The crisis is 
heightened because there is simply 
not enough qualified manpower to go 
around, even if we had money to pay 
equitable salaries. So we find our- 
selves competing for manpower in 
short supply, underpaying it, using it 
inefficiently and only part time. 

What are the solutions? There are 
several. 

One is to have the student pay the 
full cost of his education. Another 
is to have taxes supply the money 
through state or federal scholarships, 
and this can apply to both public and 
private institutions. Such state or 
federal scholarships would permit stu- 
dents to go to any college of their 
choice, with stipends sufficient both 
in number and in amount to pay full 
costs of education, including a decent 
teacher salary scale. A third possi- 


bility is for industry to pay the dif- 
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ference between the costs of the prod- 
uct which they take and that charged 
the product itself through tuition. 

Today industry is unable to hire 
sufficient graduates from engineering 
colleges and, simultaneously, is being 
asked to contribute to the support of 
these same institutions. Often indus- 
trialists state that if they could be as- 
sured of graduates, they would be 
more willing to contribute. Since we 
do not sign up students as though 
they were professional baseball play- 
ers, education cannot make such com- 
mitments. Industry can, however, 
provide financial aid to a promising 
youngster both by cash loans and in 
summer employment, and concomit- 
antly can make an agreement with the 
student whereby on graduation he 
joins the supporting company. The 
graduate can then begin to work off 
his indebtedness to that company at 
an agreed rate. If he wishes to leave 
his supporting company and go else- 
where, he would be at complete lib- 
erty to do so by assuming his remain- 
ing financial obligation with the com- 
pany that advanced money for his 
education. 

I am proposing that education be- 
come financially realistic and with 
eyes open to the economic facts-of- 
life, if closed to tradition and custom, 
attempt to practice what it prides it- 
self in teaching. Until we do, we will 
continue increasingly to be cast in the 
beggar’s role and it matters little 
whether we seek alms from legislators 
or private industry. Public and priv- 
ate colleges are supplicators together. 

One last thought and I am done. 
We hear much about the short supply 
of engineering manpower and we 
worry because more engineers are 
not being graduated. We need to 
increase the number of new students 
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entering engineering. Unfortunately, 
the decision to do so cannot be made 
by the boy after high school gradua- 
tion. It has to be made when he 
starts his high school education. One 
of the greatest things we can do to 
help ourselves, industry, and the na- 
tion is to encourage every promising 
youngster to prepare himself for en- 
trance into an engineering college. 

I spoke earlier about using common 
sense in seeking solutions to our prob- 
lems. I was dismayed to learn that 
some in high places in university ad- 
ministration propose to help solve the 
shortage of engineering students by 
building more engineering educational 
facilities in an area that surveys show 
is supplied with such facilities, amply 
sufficient to meet today’s needs and 
those of the foreseeable future. These 
people are either determinedly igno- 
rant or unable to understand that the 
shortage of engineers today results 
from lack of high school preparedness 
and not from insufficient facilities. 

It is as if picnickers well supplied 
with pails, upon finding a trickling 
spring insufficient to furnish water for 
the group, were to have a member 
rush up and propose the purchase of 
a bigger bucket as a solution to the 
water shortage. The need for finding 
added sources of water or increasing 
the flow from the present supply 
seems to be mysteriously overlooked. 
We can do better than this and our 
hopes for aid and prestige demand 
that we do. 

We must bend every effort to find 
immediate short-term remedies for 


our basic problem and, simultaneously, 
to develop a long-range program that 
will in time give us a complete solu. 
tion. To this end, we need the most 
intelligent and the most unselfish 
thoughts and efforts we collectively 
can muster. 

With help from many of you, I have 
tried to review the various suggestions 
for meeting our faculty crisis problem, 
I want to close with a statement from 
one who has helped me greatly. He 
writes: “This faculty problem is a 
highly dramatic one and because of 
this, many people are trying to come 
up with a dramatic solution to it. It 
is my belief that there is no one 
answer, no panacea, which will lead 
to its solution. Instead, we must ad- 
vance on a number of fronts in many 
small ways and we must work at this 
continuously. 

“Because the problem posed is so 
large and challenging, there is a wide 
spread feeling that we ‘need to do 
something. I think it is quite clear 
that there are dangers in changes for 
the sake of change. Care must be 
taken that we do not undertake proj- 
ects and experiments simply to prove 
that we are ‘on the job’ or just to ‘te 
lieve the monotony’ or perhaps to 
show that we are ‘progressive. Dur 
ing the next ten years we will see vast 
changes in teaching techniques, in op- 
erating management methods, in class- 
room design, and in college financing 
This is to be desired, but in the proce 
ess, while we are talking about doing 
a quantity job, let’s keep an eye on 
quality also.” 
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Presented at the ECAC-ECRC Annual Banquet, June 26, 1956. 


My subject is the scientist-engineer 
-that hybrid gentleman developed in 


the laboratories and shops of the mid- 


twentieth century, who may turn out 
to be the most significant product of 
our age. 

To a group such as this the term 
scientist-engineer carries little con- 
notation of paradox. But I would re- 
mind you that the two elements, en- 
gineering and science, have, until very 
recently, seemed incompatible. The 
time is not long past when scientists 
lightingly referred to chemical en- 
gineers as plumbers. Nor did pride 
of profession rest with one side alone. 
Iam sure that most engineers felt 
vastly superior to those fellows whom 
they looked on with some disdain, as 
idlers who left it to the engineers to 
do the necessary work of the world. 

Thus when we talk now about the 
sientist-engineer, we pay tribute to 
a revolution that has taken place. 
World War II catapulted scientists 
into engineering problems and engi- 
teers into situations where new knowl- 
edge had to be developed before a 
problem could be solved. To the 
amazement of both, this gun-point 
wedding turned out to be stimulating 
and fun, as well as tremendously pro- 
ductive. It has proved to be a good 
marriage. 

The children of this marriage are 
the scientist-engineers of today. Dur- 
ing the war, collaboration between 


scientists and engineers on atomic 
energy, guided missiles, rockets, fire 
control systems, and radar was handi- 
capped because scientists and engi- 
neers spoke such different languages. 
Now we are beginning to see the ap- 
pearance of engineers so thoroughly 
grounded in science and mathematics 
that these barriers are slowly being 
overcome. But we still have far to 
go. One of the great difficulties is 
that engineers and scientists insist on 
using different units of measurement. 
To be effective in much of their work, 
engineers have had to learn to think 
in terms of liters per second, not in 
cubic feet per minute. The language 
barrier has grown up through the 
handbooks, and it will be no easy task 
to solve this problem in communica- 
tion. Meanwhile, mathematics has 
become the common language, and 
the first requirement of the engineer- 
scientist is that he be proficient in 
using mathematics as a real tool. 

If forward momentum of our in- 
dustrial and social progress is to be 
maintained, we must pay particular 
attention to our need for engineers 
who can work closely with scientists 
and who themselves are capable of 
making creative contributions at the 
frontiers of knowledge. This makes 
new demands on our colleges. 

The need for the scientist-engineer 
is perhaps evident, but let me take a 
few moments to mention some of the 
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areas in which engineers are running 
up against research problems of a 
fundamental nature. 


I think, for example, of the work. 


being done in the laboratories of my 
own company in the development of 
tools for low-temperature research. 
When Professor S. C. Collins of M.LT. 
came to us in 1946 with his design for 
a basic tool for cryogenic research, 
our job (of developing the cryostat) 
was a fairly classical engineering as- 
signment. But work on this and sub- 
sequently developed low-temperature 
research equipment such as the mag- 
netic refrigerator has led us into prob- 
lems of a very fundamental kind. En- 
gineers came face to face with the 
necessity of understanding the work- 
ings of atoms. Quantum mechanics, 
which up until a few years ago had 
seemed the purest of pure science, ap- 
peared here right in the middle of an 
engineering assignment. In the course 
of developing equipment for research 
at temperatures close to absolute 
zero, engineers became deeply in- 
volved in such problems as those of 
measuring the thermal conductivity 
of super-conductors in and out of a 
magnetic field. They found them- 
selves working in a strange world, 
where helium acts in such an unusual 
way that it amounts to a fourth state 
of matter, since it does not resemble 
a normal solid, liquid, or gas. In this 
unmapped world there are no en- 
gineering handbooks. Only today are 
we beginning to build up enough ex- 
perience in low-temperature research 
so that it is possible to begin to think 
about a handbook in this field. 
Elsewhere in my organization, fun- 
damental work in atmospheric physics 
is opening new vistas for engineering. 
It is conceivable that the time will 
come when we can control electrical 
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storms. The controversial question, 
now being raised as to the possible im. 
pact of nuclear explosions on weathe 
patterns are reminders that we may 
be closer to weather control than yw 
realize. The famous remark, “Every. 
body talks about the weather, but 1. 
body does anything about it,” may 
some day be relegated to the category 
of eatable words. 

Other examples of the engineer 
scientist come readily to mind. _I think 
of John Trump at M.L.T., whose work 
as an electrical engineer, in develop 
ing the Van de Graff generator, has 
led him into research in a wide variety 
of fields. Only recently he submitted 
a proposal for a research grant to the 
National Science Foundation, which 
the Engineering Sciences section con- 
sidered engineering research and th 
Biology section felt should be handled 
as research in radiation biology. The 
proposal is in part to investigate the 
response of an electron irradiated sys 
tem as a function of the time durix 
which the radiation dosage is deliv 
ered, but also “since micro-second it 
radiation to high dose levels involve 
also the attainment of high peak elec 
tron currents,” Dr. Trump states, it 
his proposal, “a concurrent physica 
study would be carried out on the 
factors which influence the attainmett 
of such high peak currents in an a 
celerating system.” 

Where does science end and eng: 
neering begin? 

One thinks of work in radio-astrot 
omy, of interest both to astronomer 
and communication engineers. Ot 
thinks of the collaboration of mathe 
maticians and electrical enginees 
in developing communications theory 
and application. One thinks of th 


closely associated interests of phys 
cists, chemists, biologists, metallurgiss 
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and engineers in nuclear reactor de- 
velopment. One thinks of the jet en- 
gineers prodding the metallurgists to 
produce materials which will with- 
stand heat of 1600° to 2000° F. And 
so on ad infinitum. 

Further evidence of the growing 

involvement of engineers in research 
problems is the number of profes- 
sonal engineering societies which 
have research committees. While 
“esearch” in such cases can mean one 
thing to the civil engineer and an- 
other to the electrical engineer, it 
gems evident that engineering in- 
terest in fundamental problems is 
owing. 
I think, for example, of the distilla- 
tion study which is being sponsored 
by the Research Committee of the 
Institute of Chemical Engineers, and 
which is providing grants to three 
cooperating universities. 

Recently I saw a memorandum 
from the Committee on Research of 
the American Institute of Electrical 
Engineers, and because it is so per- 
tinent to this discussion I should like 
to quote the statement of objectives: 

“The Committee on Research,” the 
memorandum states, “is directed by 
the by-laws to stimulate research of 
interest to the Institute and to initiate 
and direct research investigations. It 
isthe considered opinion of the Com- 
mittee on Research, that the interests 
of the Institute and the engineering 
profession and the economic welfare 
of America are intimately concerned 
with a continuing expansion of energy 
wailability and that long-range re- 
sarch programs should be encouraged 
among the electric utilities, manu- 
facturers, research foundations, and 
educational institutions. This re- 
arch should endeavor to develop 
lew materials, or knowledge that will 
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be needed over the longer term rather 
than be concerned primarily with 
present day operating problems.” 

In further amplification of this pro- 
gram of objectives, the memorandum 
points out: “In only thirty years we 
will require eight times the present 
generating capacity, nearly a billion 
kilowatts. Will the present methods 
of generation, transmission and dis- 
tribution be adequate to supply the 
energy requirements at this time? The 
use of nuclear fuel for the generation 
of electricity will undoubtedly be an 
economic reality, but this is only a 
small segment of the overall problem. 
Energy must be delivered to the ul- 
timate consumer and in high level 
density areas the problems of land 
availability and space and terminal 
capacity in the street, are already 
severe. Is there new knowledge as 
yet undiscovered that may ease this 
burden?” 

The growing concern of engineers 
with research problems points up the 
need for an increasing number of en- 
gineering students not only to become 
familiar with the principles of the 
various fields of science and engineer- 
ing and mathematics, but also to ac- 
quire experience in basic as well as 
applied research. 

It is here that the program of the 
National Science Foundation takes on 
significance. For while other fed- 
eral agencies are giving support in 
much larger amounts to basic re- 
search in the colleges, it is the under- 
taking of the National Science Foun- 
dation to aid the engineering schools 
in defining their research objectives 
and creating a research program that 
is well balanced between basic and 
applied projects. 

The close association of the So- 
ciety for Engineering Education with 
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the National Science Foundation pro- 
gram in engineering science has 
meant that from the start the educa- 
tional objectives of the engineering 


colleges have received special atten- 


tion. Insistence that the Act include 
support for engineering research 
focused attention on the evolving role 
of the engineer as a pioneer in frontier 
fields. It has sharpened: interest in 
the educational problems of training 
men to be scientist-engineers, and it 
has served as a focal point for discus- 
sions about the aims of engineering 
education. 


The story may be apocryphal, but . 


I have been told that in the early days 
of the National Science Foundation, 
someone said to the Director of the 
Mathematical, Physical and Engineer- 
ing Sciences: “There is no such thing 
as basic research in engineering.” 
His reply to this was, “It is in the Act, 
and so there has to be such a thing.” 

The story could be true. I recently 
discovered, as I was leafing through 
some files in the NSF office, that some 
three years after the Foundation be- 
gan making grants for research in en- 
gineering science, the Advisory Panel 
for Engineering Sciences appointed 
a committee to define engineering 
sciences and basic engineering re- 
search. That was in June of last year, 
and so far as I know, the members 
of the committee have still to reach 
agreement on what constitutes basic 
engineering research! 

Fortunately the difficulty of push- 
ing and pulling words into an ade- 
quate definition has not held up a 
vigorous program of engineering re- 
search grants. Whatever it is, it is 
being supported! Grants are being 
made within the broad framework of 
the NSF purpose of supporting basic 
science, and whether such basic work 
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is considered engineering research 
otherwise is largely determined }y 
the origin of the proposal. Thus; 
proposal from a chemical engineer dp. 
ing research in chemistry would b 
considered engineering research, whik 
a proposal from the physics depart 
ment in an engineering school woul 
probably be treated as research in 
physics. As we have seen in the cay 
of the Trump proposal, however, ther 
is no firm policy in this respect. 

In the Second Annual Report of the 
National Science Foundation, the re. 
port for the year ending June 195} 
NSF policy in respect to engineering 
science was stated as follows: 


“In considering the program of th 
Foundation in the engineering science, 
the traditional categories, such as aer- 
nautical, civil, chemical, electrical ani 
mechanical engineering do not alway 
provide a framework. The emphasis is 
rather on research fields common to thes 
disciplines, such as fluid mechanics 
strength of materials, corrosion, heat 
transfer or thermodynamics, because the 
basic engineering sciences are concemel 
primarily with the utilization of scier- 
tific principles for the general welfare 
rather than the design aspects of pr 
fessional engineering. Moreover, the 
Foundation’s program in the engineer 
ing sciences, and its research suppot 
budget, is being used to encourage re 
search to fill gaps in the basic informatio 
now available to the engineer. Specid 
attention is centered on those research 
projects which are basic to the extensi 
of the use of strategic materials, the 
placement of strategic materials with 
new, hitherto unknown materials, an( 
the better understanding of energy cot 
version.” 


If when the NSF program ws 
launched there were those who wet 
still wondering what engineering re 
search was, it soon became clear thi 
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the engineering schools thought they 
were doing it. Proposals were re- 
ceived in engineering science in an 
amount equal to almost half of the 
total NSF funds for that year. Be- 
cause of the small proportion of funds 
in relation to proposals, the Division 
of Mathematical, Physical and Engi- 
neering Sciences was able to make 
grants in an amount equal to only 
48% of the proposals received. Only 
three of the 28 grants made by the 
Division in 1952 went to engineering 
science. This represented 2.5% of 
the proposals in engineering science. 
To state the situation another way, in 
the fiscal year 1952, 17% of the pro- 
posals received by the MPE Division 
were in engineering science, but only 
10% of the grants made by the Divi- 
sion were in this area. 

That the quality of the proposals 
has improved steadily since then is 
evident. In fiscal 1954, engineering 
proposals again constituted 17% of 
those received by the Division, but in 
that year 21% of the grants made by 
the Division were made in engineer- 
ing science. Funds still fell very far 
short of being able to provide support 
for the meritorious projects—in fiscal 
1954 only $1 was granted for every $4 
of meritorious proposals received in 
the field of engineering sciences. 

Even in fiscal 1954 the quality of 
the engineering proposals was not as 
high as those in the other MPE dis- 
ciplines. In that year 79% of the 
proposals coming to the MPE divi- 
sion were rated excellent or good, 
while only 64% of the engineering 
proposals were so rated. By the fol- 
lowing year, however, the engineer- 
ing proposals were above average in 
excellence. In that year, while 81% 
of all MPE proposals were rated ex- 
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cellent or good, 83% of the engineer- 
ing proposals were in this category. 
That basic research activity in the 
engineering schools has been stimu- 
lated is indicated by the increase 
in proposals received for engineering 
research. In the year just ending, re- 
quests have totalled approximately 
$3,750,000 for engineering research— 
more than the entire budget of NSF 
in its first year of operation. In com- 
parison, the Engineering Sciences 
Program had the total sum of $746,- 
000 for fiscal 1956 available for grants, 
conferences, surveys and other uses. 
We still know far too little about 
the actual effect of these grants in 
training the scientist-engineer. It 
seems to me that this should be the 
crucial question. Are these grants 
training men who can do work in 
basic science or collaborate effectively 
with those who are? It has been said 
that basic research by its very nature 
eludes evaluation. But in respect to 
its impact on education, I believe we 
can and should do some very thought- 
ful evaluation of these projects. 
Overall statistics tell us something, 
but not too much. If our aim is to 
evaluate the programs in terms of 
their help to students, we shall want 
to focus our attention on the students 
—graduate and undergraduate—who 
have participated in these projects. 
From the Annual Report of the Di- 
vision of Mathematical, Physical and 
Engineering Sciences for Fiscal Year 
1955, we learn the following: 


—The average amount of a grant 
has increased from $9,943 in fiscal 
1954 to $13,271 in fiscal 1955. 

—The average duration of grants 
for fiscal 1955 is 1.8 years, an increase 
over the 1.7 years for fiscal 1954. 

—As in fiscal 1954, about two-thirds 
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of the grant funds in fiscal 1955 were 
for salaries. 

—About 20.5% of the grant funds, 
in comparison with 16.6% in fiscal 


1954, were for faculty salaries, of which ~ 


two-thirds were for summer work. 

—About 41% of the MPE research 
grant funds involved research train- 
ing, viz., post-doctoral associates, grad- 
uate assistants and undergraduate 
assistants. This amounts to $1,693,- 
797 (41.0%) in comparison with 
$810,724 (41.4%) in fiscal 1954. In 
fiscal 1955, 498 students participated 
for a total support of 883 man years. 

—About 8.9% of the grants made 
were for continuing support (i.e. pre- 
vious grant by NSF) and 10.3% for 
transfers (i.e. previous support by 
another federal agency). Of the 
total funds granted, 50% supported 
research which had, either by project 
or principal scientist, a history of 
previous support by one or more other 
Government agencies. 


It is believed by the staff of the en- 
gineering sciences section that most 
projects in this field provide thesis 
material, but up until now the gran- 
tees have not been asked to report on 
this aspect of work. Occasionally re- 
ports do come in voluntarily. For 
example, a research project on the 
fundamental study of plastic flow of 
metals, “Mechanics of Plastic De- 
formation of Metals,” received a grant 
of $9500 and was staffed by a prin- 
cipal investigator and two research 
assistants. During the first year of its 
projected two-year duration, this proj- 
ect was the subject of three com- 
pleted masters theses, and five tech- 
nical papers. 

Until now, as I have pointed out, 
_ the records do not always include 
this kind of information. I am curi- 
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ous. I should like to know more about 
what the contribution to education 
has been, both with reference ty 
the individual and the institution. | 
should like to know, too, what hap. 
pens to the men who have worked a; 
research assistants on these projects, 
Do they go into industry and become 
the creative technologists in the border 
areas? Do they acquire faculty sta. 
tus? Or do they continue as reg- 
dents in the colleges, developing the 
art of soliciting grants? 

So far in the history of the Founda. 
tion we have not been able to get this 
kind of evaluation because the grants 
program has suffered from lack of 
funds. There has been neither money 
nor staff time for follow-up of this 
kind. It is also true that since most 
projects run for more than a year, 
only a small per cent have so far been 
completed, and only now are sig- 
nificant data becoming available. 
(Through September 30, 1955, the En- 
gineering Sciences Program had made 
144 grants of which 117 were still ac. 
tive at that time. Only 27 had been 
completed. The 117 active were dis- 
tributed in 60 different schools in 
37 states and in the District of Co 
lumbia. ) 

It will not be easy to evaluate the 
impact of these programs on the de- 
velopment of individuals, but I think 
it is important that we do so. In er 
pressing this thought, I recall the er 
perience following World War I with 
the National Research Council fel- 
lowships financed by the Rockefeller 
Foundation. The significance of these 
grants in terms of their impact o 
the scientific well-being of the nation 
cannot be over-emphasized. It was 


from this group that we staffed many 
of the major research programs of the 
early 1940's. It is to this group that 


Oct., 1951 


we loo 
fields 
portun 
the fie 
grants 
well a: 
The 
is also 
gram 
risk th 
progra 


the 


too mt 
search 
sible fe 
to flor 
larger 
progra: 
ency t 
exclusi 
large p 
concep 
Our 
balance: 
grants 
in 
tist-eng 
inventc 
intuitio 
quate 
engines 
and in 
nied b 
knowle 
this res 
Tesearc 
of form 
of scie 
matics. 
and sti] 
atmosp. 


* See: 
Foundat: 


York, 
“What A 
tune, Oc 
dations } 


Vol. 47—No, ? 


10re about 
education 
>rence to 
tution. | 
vhat hap. 
worked as 
projects, 
d become 
the border 
culty sta- 
> as resi- 
oping the 


> Founda 
to get this 
the grants 
1 lack of 
ler money 
p of this 
ince most 
n a yeal, 
) far been 

are sig: 
available. 
5, the En- 
had made 
still ac- 
had been 
were dis- 
chools in 


ct of Co 


rluate the 
n the de 
at I think 
o. Inex 
I] the ex- 
Tar I with 
uncil fel- 
ockefeller 
e of these 
mpact on 
he nation 

It was 
fed many 
ms of the 
roup that 


Oct., 1956 THE SCIENTIST-ENGINEER 
we look today for leadership in many 
felds of science. There is an op- 
portunity to repeat this experience in 
the field of engineering through the 
grants program of the Foundation, as 
well as in its fellowships program. 

There is opportunity here, but there 
isalso a danger. As the grants pro- 
gram increases in size, we run the 
risk that in subsidizing the research 
programs that will provide training 
for the scientist-engineer, we may put 
too much emphasis on organized re- 
search and end by making it impos- 
sible for the truly creative individual 
to flourish on our campuses. The 
larger the sums available for a grants 
program, the greater will be the tend- 
ency to choose big projects almost 
exclusively, as has happened in the 
large private foundations.* The team 
concept has its limitations. 

Our problem of setting a proper 
balance between large and small 
grants will be simplified if we keep 
inmind the special needs of the scien- 
tist-engineer who today replaces the 
inventor of former times, for whom 
intuition and hunch were often ade- 
quate guides. For the new scientist- 
engineer, on the other hand, intuition 
ad imagination must be accompa- 
nied by a great deal of discipline, 
knowledge, and understanding. For 
this reason his training must include 
research experience as well as years 
of formal education in the principles 
of science, engineering and mathe- 
matics. But we must give him this, 
and still maintain on our campuses an 
atmosphere in which the special gen- 


*See: Dwight Macdonald, “The Ford 
Foundation,” Reynal & Company, Inc., New 
York, 1956. Also William H. Wyte, Jr., 
‘What Are the Foundations Up To?”, For- 
tune, October 1955, and “Where the Foun- 
tations Fall Down,” ibid., November 1955. 
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ius of the creative individual can be 
nourished. 

Let me make it clear—and possibly 
this will come as a shock to you—that 
I am not necessarily advocating that 
we produce more Ph.D’s. We need 
to do everything we can to increase 
the flexibility of our formal academic 
requirements, so that there is room 
for the recognition of achievement 
that does not follow conventional 
lines. I suggest that we might take 
a new look at the standard require- 
ments for the doctoral thesis, to make 
sure that in requiring research results 
that can be packaged and tied at the 
end of a very short time we are not 
diverting the graduate student from 
more significant research that does 
not fit the formula. And the same 
thing is true of the NSF grants pro- 
gram. It should be balanced and 
flexible, and continually re-evaluated 
to make sure that it is really doing 
the job that most needs to be done. 
Such thinking suggests either a more 
significant Master’s degree or a two 
year terminal graduate program. 

In conclusion, let me express the 
hope that we do not let our concern 
with numbers overshadow our con- 
cern with quality. The need is great 
for more engineers. But the most 
critical need is for more of such as I 
have styled the scientist-engineer. It 
is on this comparatively small group 
of well-educated, well-trained, crea- 
tive individuals that our technological 
supremacy in the years immediately 
ahead will largely depend. 

My proposition is that grants in the 
support of research in the engineer- 
ing sciences, whether made by gov- 
ernment agencies or industry, be pri- 
marily concerned with the problem 
of training more of the kind of engi- 
neers needed in the present national 
emergency. 


PROJECTS OF THE ATOMIC ENERGY 
EDUCATION COMMITTEE 


Report by the Chairman 


PHILIP N. POWERS 


President, Internuclear Compan 
Clayton, Missouri 


Presented at the ASEE General Session of the Annual Meeting, June 25, 1956, 


Your Committee on Atomic Energy 
Education was created six years ago 
under the leadership and through the 
vision of Dean Thorndike Saville, who 
was then our President. During this 
period the Committee has lived 
through two phases of interest on 
the part of engineering educators in 
atomic energy and is now entering 
a third. 

The first might well have been de- 
scribed as an “Is this really neces- 
sary?” phase. Those were the days 
when atomic energy was almost exclu- 
sively in government laboratories, still 
secret, still run largely by physicists, 
and still concerned primarily with mil- 
itary matters so that the prospects for 
peaceful or commercial applications 
seemed dim. The idea that any large 
fraction of engineering college stu- 
dents should have some acquaintance 
with nuclear energy matters seemed 
very remote. 

It was in this setting that your Com- 
mittee organized a series of confer- 
ences on atomic energy in cooperation 
with the Atomic Energy Commission 
in order to give members of ASEE a 
chance to become acquainted with 
some of the problems which were then 
beginning to be declassified. These 
conferences, organized on a regional 
basis in different parts of the country, 
constituted the first major activity of 
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the Committee. In addition, however, } 


the AEC was urged to prepare a reac. 
tor engineering textbook, and with 
the Committee’s assistance the book 
by Glasstone entitled “Principles of 
Nuclear Reactor Engineering” was the 
result. 

Next came a “How do we proceed” 
phase. Early in 1955, the Committee 
made a survey among engineering cdl- 
leges which demonstrated that a strong 
interest existed in finding out mor 
about the possibilities in nuclear engi- 
neering education, what other colleges 
are doing, and in general what appear 
to be the best procedures for putting 
nuclear materials into engineering cur 
ricula. Some very tough 4uestions 
were beginning to come more clearly 
into focus: How long should the gov- 
ernment continue to provide substan 
tial nuclear engineering education’ 
How much of this should the colleges 
and universities take over, and what 
equipment would be required? Should 
specialized courses leading to degree 
in nuclear engineering be established, 
or should the new materials presented 
by atomic energy be fed into standard 
courses? What should be the relation 
between colleges’ nuclear education 
and that provided by industry? 

These questions have not been at- 
swered, but they have been studied. 
And to help meet the need of ASEE 
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members to learn more about how to 
proceed, several different projects are 
under way. 

First, we made a survey, and we 
are publishing a report, which sum- 
marizes what is now being done in 
the engineering college atomic energy 
field and the plans for new programs. 
This report contains course numbers 
and descriptions, summaries of special 
undergraduate and graduate curricula, 
and non-credit extension courses. For 
the assembly of these data and the pub- 
lication of the report for the Commit- 
tee, we are indebted to Professor Paul 
Chenea at Purdue. The report is en- 
tiled, “Nuclear Engineering Courses 
in the United States, 1955.” Copies 
can be purchased from the office of 
the ASEE Secretary. 

Second, the Committee has been 
putting out a monthly “Newsletter on 
Nuclear Energy,” again with the aid 
of Purdue University. Members and 
others who wish to be placed on the 
mailing list for the Newsletter” should 
write to the Secretary of ASEE. 

Third, we are sponsoring two ASEE 
Nuclear Institutes in cooperation with 
the Atomic Energy Commission, the 
National Science Foundation, plus, 
in one instance, Northwestern Univer- 
sity, and in the other, Associated Uni- 
versities, Inc. Chairman of the Sub- 
committee on this important project 
is Dean George Hawkins. 

The Institutes run for eight weeks, 
one at Argonne National Laboratory 
and the other at Brookhaven. The 
purpose is to provide engineering col- 
lege professors with an opportunity to 
review intensively the developments 
in nuclear technology and to gain di- 
tect experience with some of the lab- 
oratory facilities available at these 
two installations. In all, about ninety 
participants are expected. 
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The Atomic Energy Commission is 
bearing the cost of putting on the In- 
stitutes, and the National Science 
Foundation is providing the necessary 
stipends and travel expenses. We are 
indebted to Dr. D. H. Loughridge, 
formerly at Northwestern University, 
for administrative help with the In- 
stitute at Argonne. 

Fourth, the Committee has planned 
and proposed what has come to be 
known as a Deans’ Conference on 
Nuclear Energy Technology. Spon- 
sorship in this instance well be jointly 
with the Atomic Energy Commission, 
the Oak Ridge National Laboratory, 
and the Oak Ridge Institute for Nu- 
clear Studies. 

Final word regarding availability 
of funds to support this conference has 
not yet been received, but we have 
good reason to believe that the AEC 
will help out in this matter and that 
the conference will proceed as planned 
at Gatlinburg, Tennessee, during this 
coming September 5 through 8. The 
Chairman of the Subcommittee which 
has represented the ASEE in making 
the plans for the conference is Dean 
M. E. Farris at the University of New 
Mexico. 

Fifth, a general report on the objec- 
tives of nuclear engineering education 
is being prepared, and it is hoped 
that it will be ready for final presenta- 
tion at the Gatlinburg meeting. It is 
anticipated that this report will an- 
alyze several different avenues of ac- 
tivity which are open to those asso- 
ciated with the nuclear industry and 
the types of training needed by each. 
Chairmanship of this Subcommittee 
is held by Professor Glenn Murphy, 
here at Iowa State College. 

These five projects represent ma- 
jor ways in which the Committee has 
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tried to respond to the needs of this 
“How do we proceed?” phase. 

Now we are entering into a third 
phase which we may call “big money 
from the government.” One of the 
jobs of the Committee during the last 
year has been to advise members of 
the staff of the Atomic Energy Com- 
mission regarding their plans to pro- 
mote the training of engineers in nu- 
clear energy and the ideas which they 
have for cooperating with and assist- 
ing engineering colleges. The Chair- 
man of this Subcommittee is Prof. 
Henry Gomberg at the University of 
Michigan. These AEC plans have 
not yet been finally approved, and 
no formal announcement has yet been 
made. But the program which is be- 
ing considered is quite substantial, 
and at the conference which this 
Committee is sponsoring on Thursday 
afternoon of this week I will summar- 
ize some of the kinds of activities 
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which seem likely to develop with 
AEC assistance during the next year 
or two. Also, it is likely that the 
Deans’ Conference at Gatlinburg will 
be largely concerned with this same 
question. 

Another member of your Commit. 
tee to whom special thanks is due is 
our Secretary, Professor Wells Moul- 
ton at the University of Washington. 

Before closing, I would like to an. 
nounce another project, which was 
accomplished by our Ames Program 
Subcommittee under the chairman- 
ship of George Lobingier. Through 
the cooperation of the AEC and with 
the assistance of Professor Glenn 
Murphy here at Ames, we have a 
“Pickle Barrel” on display. It can be 
seen at the Theoretical and Applied 
Mechanics Laboratory today through 
Thursday between two and five in the 
afternoon. 


FINANCIAL POLICY COMMITTEE 


The Annual Report of the Financial 
Policy Committee consists of the min- 
utes of the meeting held at Iowa State 
College on Tuesday, June 26, 1956, 
8:00 a.m., Memorial Union, The 39 
Room. Those present were C. A. 
Brown, E. R. Wilcox, W. Leighton 
Collins, and W. R. Woolrich, Chair- 
man. The following recommenda- 
tions were approved: 


1. The balance in checking account 
should be reduced to a reasonable 
operating level, as determined by the 
_ Secretary, by means of short term 
investments. 

2. Government bonds should be 


checked for due dates and reinvested 
in government bonds when due. 

3. An emergency reserve fund equal 
to about three-fourths of one year's 
operating expenses should be estab- 
lished. It is recommended that about 
two-thirds of the fund be in savings 
accounts and one-third in government 
bonds, but the Secretary should con- 
sult with the auditor regarding the 
reasonableness of the magnitude of 
the reserve and the reasonableness of 
the proportions in the two types of 
investments. 


Respectfully submitted, 


W. R. Woo .ricH 
Chairman 
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MIGRATION OF ENGINEERING COLLEGE 
FACULTY BETWEEN CAMPUS 


AND INDUSTRY 


A. R. HELLWARTH 


Chairman, ASEE-RWI Sub-committee to Study 


Cross-Migration between Engineering Faculties and Industry 


During the past several years, there 
has been considerable discussion on 
the engineering college problem of 
maintaining adequate and qualified 
teaching staff. 

At the Toronto meeting of the Rela- 
tions with Industry (RWI) Division 
of American Society for ‘Engineering 
Education (ASEE) in October, 1955, 
a committee was appointed to survey 
one phase of this problem: the loss to 
industry. On learning that the Engi- 
neering Manpower Commission of En- 
gineers Joint Council was also en- 
gaged in a survey on the same subject, 
the committee hesitated to burden 
busy deans with another question- 
naire. Assured by M. M. Boring, 
ASEE President, that there would not 
be any appreciable conflict between 
the two surveys, we proceeded. 

The RWI Division commends the 
deans and their assistants for their ex- 
cellent response, and thanks them for 
their cooperation in promptly return- 
ing the questionnaires. 

A number of comments and sugges- 
tions confirm that this subject is of 
more than considerable interest. Many 
respondents have expressed a great 
concern on solving the problems im- 
mediately ahead and seem grateful 
that a group representing industry 


(Assistant to Director of Employment, Detroit 


Edison Company, Detroit 26, Michigan) 


has undertaken the survey that may 
open up more discussion. There is 
certainly a general feeling among 
educators that industry has a respon- 
sibility to share in the solution of this 
problem. 


The Questionnaire 


The primary objective of the ques- 
tionnaire was to determine the losses 
of teaching staff to industry, and the 
corresponding gains for the past two 
school years. To put these figures 
on a meaningful basis, the breakdown 
and total number on faculty were 
asked for by academic rank. Reasons 
for any losses experienced, the use 
of retired professors from another 
college and of retirees from industry, 
and several other related subjects 
were explored. To appraise the prob- 
lem immediately ahead, an estimate 
of additions needed for the 1956-1957 
school year was requested. 

These replies could be assembled 
and analyzed in a number of ways. 
If anyone does not have his own par- 
ticular interest satisfied by the follow- 
ing presentation, the committee will 
be glad to have him raise his ques- 
tion for further study. 

In a few cases, we have taken the 
liberty of interpreting or interpolating 
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TABLE I Extr 
REPORT FROM 93 COLLEGES ON MIGRATION OF TEACHING STAFF BETWEEN CAMPUS AND INDUSTRY ing a ¢ 
SUMMARY FOR ALL ACADEMIC RANKs BY SECTIONS OF ASEE the co: 
1954-1955 1955-1956 college 
Loss | Gain Loss | Gain Asst, 
New England 9 7,500} 499 9 3 514 at 7 43 22 
Mid. Atlantic 15 18,400} 923 37 22 984 28 34 156 98 
Nat. Capitol 2 1,800 49 2 1 55 3 1 17 5 a 
Upper N. Y. and + 
Ontario 4 6,200} 13 3 | 12 3 21 64 
Michigan 4 8,200] 388 11 4 393 9 9 74 66 Tw 
Ohio > 5,400 182 7 4 181 9 6 25 7 
Allegheny 2 1,400 60 » 1 60 3 2 20 4 
Southeastern 15 22,000} 859] 46 18 909 | 42 29 125 77 Whil 
Mo.-Ark. | 2900) 98) 9 Tithe net 
Tll.-Ind. 4 13,000} 342 16 1 406 35 13 66 48 = and 
N. Midwest 5 | 12,600] 461] 17 9 | 482] 38] 29 | 89 
Kans.-Nebr. 4 5,000 232 9 4 245 8 10 47 25 ing to | 
Southwestern 5 6,500] 214] 27 | 15 | 26] 22 27 20 for 
Rocky Mountain 6 6,000] 12 21-414) 15 unendis 
Pacific N.W. 6 6,000; 266 13 4 271 14 6 48 19 : ‘ 
Pacific S.W. 3 | 2800] 89] 2 5 | 1 6 4| 
Unassigned 2 500; 14] 1 1 15| 3 3 4 — |oentage 
At the 
Total 93 |126,000| 5,144 | 233 | 118 | 5,428 | 262 | 206 | 834 | 554 Bnet Joss 
industry 
93 colleges are 62% of 150 listed in the 1956 yearbook. The 


126,000 undergraduate students are 66% of 190,300 enrolled in all colleges as of October 3, 1955. 

Using a conservative multiplier of approximately 1.55, the statistics are extrapolated for a national ranks, . 
estimate, Table II. ing esti 
incomplete questionnaires. Any inac- | ASEE yearbook. The figures relate 
curacies resulting will not appreciably — to 126,000 or 66% of the 190,300 un- f pio, 
affect the significance of the overall dergraduate students enrolled as of | Asso 


analyses. October 1955. om 

ae The statistics have been assembled i 

Analyses of Statistics by ASEE Sections (Table I) and esti- To 
Replies from 93 colleges are in- mated on a national basis by academic 


cluded in this report. These are 62% rank (Table II). The summary (of One de 
of approximately 150 listed in the 1956 Table I) for 93 colleges is as follows: for inde 


to gain 

SuMMARY OF TABLE I For 93 COLLEGES teprese1 
account 
daa Loss Gain Net Loss that “it 

Faculty fight m 

No. % No. % No. % 

54-55 5144 233 4.5 118 2.3 115 22 | Sect 
55-56 5428 262 4.8 206 3.8 56 1.0 There 
Two years | 5286(av.) 495 9.4 324 6.1 lal 3.2 would j 
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Extrapolating the foregoing by us- 
ing a conservative multiplier of 1.55, 
the corresponding estimates for 150 
colleges are as follows: 
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geographical area experienced corre- 
spondingly similar losses. 

Upper N. Y., Allegheny, Mo.-Ark., 
Ill.-Ind., SW. and Pac. NW. had net 


SumMMARY oF TABLE IT For 150 CoLLEGEs 


Net Loss 
No. on Faculty No. Lost No. Gained 
No. % 
54-55 8000 360 180 180 22 
55-’56 8400 406 320 86 1.0 
Two years 8200 766 500 266 


While it might be suggested that 
the net loss of 180 (2.2%) for 1954- 
% and 86 (1%) for 1955-56 is noth- 
ing to cause any concern, each dean 
or department head who has had the 
wending task of maintaining and 
improving his staff would say that per- 
centages don’t tell the whole story. 
At the end of two difficult years, the 
net loss of teachers from campus to 
industry is extrapolated to be 266. 

The losses were at all academic 
ranks, as will be seen from the follow- 
ing estimate for all colleges: 


Ratio of 

2 Year Loss to 
Net Loss Gain 

Professors 52 25 

Associate Professors 66 2.14 
Assistant Professors 90 1.62 
Instructors 58 1.22 
Total 266 1.54 


One dean is also reported as leaving 
for industry. The larger ratio of loss 
to gain at the top levels undoubtedly 
represents a reduction in quality and 
accounts for a comment by one dean 
that “It’s tough trying to find top- 
light men.” 


by Sections and Colleges 


There is no clear cut pattern that 
would indicate that all colleges in a 


losses for the two years of 0.08 to 0.06 
of their staff. The Atlantic Section as 
a whole was approximately .01 but 
one college within this section lost 
four out of 15 within the two years; 
two schools within stone’s throw of 
each other varied from lost 3—gained 
7 to lost 7—gained 0. 

That some schools have had very 
difficult times can be illustrated by a 
few losses as follows: 


1954-55 7 out of 60 (regained 0) 

1955-56 23 out of 130 (regained 
19) 

1955-56 = one department 6 out of 


47 (regained 1) 


Two sections that would seem to 
have had no problem, statistically 
speaking, are Rocky Mountain and 
Pac. SW.: gaining 7 and 8, respec- 
tively. Maybe their agreeable cli- 
mates and beautiful scenery are an 
attraction over the smoke stacks of 
industrial cities! 


Private vs. Tax-Supported 


Except for a few references by state 
schools that their State Legislatures 
had not yet adjusted appropriations 
to the changing times, there was no 
indication that either private or tax- 
supported institutions have had any 
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TABLE II 
MIGRATION OF TEACHING STAFF BETWEEN CAMPUS AND INDUSTRY 
EsTIMArEs FOR 150 COLLEGES AND 190,300 SruDENTs FoR 1955-56 
(Based on reports from 93 colleges) 
Two Y 
1954-1955 1955-1956 
Loss to | , tions 
N Gain sen 
Loss Gain Loss Gain Loss Gain 
Professor 2,200 45 12: ||-25240) 42 23 87 a5 25 120 
Assoc Prof. 1,750 50 18 | 1,860 74 40 124 58 2.14 20 
Asst. Prof. 2,200 | 115 60 | 2,200 | 120 85 235 145 1.62 450 
Instructor 1,850 | 150 90 | 2,100 | 170 172 320 262 1:22 530 
Total 8,000 | 360 180 | 8,400 | 406 320 766 500 1.54 | 130 
% 4.5 2:3 4.8 3.8 


In addition, approximately 850 graduate students (on full-time basis) are used as teaching assis. 


ants. 
Graduate enrollment 
For Master’s Degree 


For Pre-doctoral Degrees 


For Doctor’s Degree 


problem peculiar to themselves. One 
small private school says, “We have 
had practically no losses for 10 years; 
one professor recently was an isolated 
case, we believe. We do not antic- 
ipate further losses.” In contrast, an- 
other small private school says: “A 
supply of good faculty is to be had 
but the price that industry pays is so 
high that schools like ours just don’t 
have a chance.” 

One dean from a tax-supported col- 
lege says, “We have been fortunate in 
not losing any faculty members to in- 
dustry in the last 2 or 3 years.” An- 
other lost 23 out of 130 this last year. 
Some believe that their legislatures 
must increase appropriations to meet 
competition of other states. 

Many other similar observations on 
the raw statistics could be made; for 
example, a few replies indicated that 
the situation is more critical in certain 


October 3, 1955 
18,110 

297 

3,161 


21,568 


departments than others. Whethere 
not they are significant enough for th 
time required is questionable. Thi 


there is a problem about which bulf 
education and industry must be cf 


cerned, there can be little doubt. 


Student Assistants 
The 93 colleges reported that 


graduate students are being used {ip 


teaching class, laboratory or gradit 
papers. The questionnaire specifi 
that these be reported on basis 4 
equivalent full-time persons. Natio 
ally this would extrapolate to appr 
imately 850. 

These are available principally ot 
at those schools and in those depat 
ments that offer post graduate stu) 
and that have strong programs to4 
tract good men. In only a few cas 
was there an affirmative answer tol 


question, “Do you foresee a suflicié 
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supply of qualified teachers in this 
group for the future?” 


Physics 
“Comment on loss-gain of the phys- 
ics department.” 


About twenty schools reported 
losses, difficulty in maintaining staff, 
or an immediate need for additional 
staff. Losses reported were more fre- 
quently to other schools and to re- 
Industry was 
not often accused of adding to the 


| difficulties of physics departments. It 
could be readily deduced that engi- 


neering is in a much more critical 
state than physics. 

A few references were made by the 
technological institutes of difficulty in 


retaining other supporting fields such 
as mechanics and geology. 


Retirees 


“Do you employ retired professors 
from another college?” 


16 out of 93 Yes 


7 out of 93 Would 

3 out of 93 Not yet 

6 out of 93 Indicated an age restriction 
1 out of 93 Uses own retirees 


“Do you employ qualified retirees 
from industry?” 


3l out of 93 = Yes (including 1 part-time) 
15 out of 93. =Would 

3out of 93 Not yet 

2out of 93 With caution or dangerous 
Tout of 93 Indicated an age restriction 
Sout of 98 Recommend military retirees 


Employment of retirees is looked 
upon by many as an expedient that 
will help only to solve the immediate 
problem. The need is greatest for 
young men who will make a career 
of teaching. 

A number of respondents point out 
the difficulty of finding retirees from 
industry who are qualified to teach 
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up-to-date subject matter. Neither is 
it easy for a person at this age to make 
the rigorous adjustment to the respon- 
sibility of teaching. 

Testimony of two deans, however, 
should turn everyone’s attention to 
this as a possibility: “We have em- 
ployed 3 retirees from industry in the 
past 2 years—expect to employ more.” 
“We have had two very successful bits 
of experience in attracting good engi- 
neers from the Army and the Navy.” 
It might be added that very often re- 
tirees from the military are available 
at an earlier age than from industry. 
Advertising the need may encourage 
a few early retirements from indus- 
try. Such an engineer would in many 
cases receive a retirement allowance 
to supplement his college salary and 
this would later be supplemented by 
Social Security payments upon final 
retirement after 65. 


Reasons for Losses 


“If you are losing—how do your 
losses compare with normal?” 


While the survey has undoubtedly 
pointed up a serious problem, only 
about a third of the replies indicated 
their losses were greater than normal; 
a few less; and about half estimated 
them to be about normal. There have 
always been losses from faculty to in- 
dustry; the problem seems to relate 
more to the shortage of manpower 
to meet the total needs of the country. 


“Is industry ‘recruiting, or faculty 
making first overtures?” 


Industry 15 
Faculty 26 
Both 26 
Don’t know ll 
Industry is not 3 
Government 1 
Hard to tell after 

summer employment 1 
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Comments on this point vary from 
one extreme to the other. One says 
“An individual company cannot be 
blamed for hiring a faculty man. Col- 
leges must become competitive with 
financial and non-financial incentives 
for equivalent talents. Perhaps the 
right of free education for everyone 
is in conflict with all the other goods 
and services which are not free.” 

Certainly all of us in America want 
the benefits of our competitive enter- 
prise system and of free choice of such 
an important aspect of our lives as the 
job we work at. 

One comment that suggests a kind 
of industry-education relationship, we 
surely all are anxious to avoid reads 
as follows: “Our one loss was a case 
of deliberate banditry by a large in- 
dustry. Our man was under oral con- 
tract to return. This is a lack of ethics 
by industry.” 

“In your opinion, what is the chief 
reason for your losses?” 

On this, there was more unanimity 
of opinion than on any other question. 
Yes, you have guessed it—salary! 

73 out of 93 (80% ) believe that sal- 
ary differentials between industry and 
education are the primary reason for 
their losses. In several cases, faculty 
left for 50% to 100% increases in sal- 
ary. Such differences are difficult to 
compensate for—especially if there are 
other factors that might also have an 
influence. 

Among other reasons were the fol- 
lowing: 

Better position and 

increased opportunity 

Other reasons (not specific) 

To get industrial experience 

Doctoral requirements 

Fewer hours of work 

No time for research 

Desire to do consulting 

Housing 


Wife wants to return nearer 
her home 


One former teacher and dean why 
left the campus several years ago be. 
lieves there are reasons that may not 
generally be spoken about. If there 
is any truth in what this friend of 
education says, a further appraisal of 
such conditions should be undertaken: 


“I am referring to a great number 
of engineering college faculty mem. 
bers who have left teaching, not pri- 
marily for more money but because 
of the fact that they have been un 
happy about certain conditions which 
obtain in the colleges and in engineer. 
ing education in general. I know 
quite a number of people who have 
left for these reasons but I suspect 
that if you wrote to the colleges they 
would say that all of these people left 
because of higher salaries which in 
dustry is offering.” 

Those of us in industry who inter. 
view engineers leaving the employ of 
our companies, know what this man 
is talking about. There are many rea- 
sons why employes seek a change 
other than more money, and our col- 
leges certainly are not free of any of 
the responsibilities that the employer 
must accept for good employee rela- 
tions. 


Additions needed for ’56-’57 


This survey would indicate that ap- 
proximately 1300 additions to teach- 
ing staffs are needed this next year. 
Opportunities exist for 120 professors, 
200 associate professors, 450 assistant 
professors and 530 instructors. 

The total number of faculties of all 
colleges increased by about 400 for 
fall of 1955. Taking into account the 
net loss to industry, about 500 new 
teachers had to be recruited from all 
other sources. The job for 1956 will 
be over two times as great to recruit 
1300, indeed, almost three times. 
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These positions obviously cannot all 
be filled by engineers who have re- 
cently completed master’s and doc- 
tors degree work. 

One dean has so aptly summarized 
the situation as follows: 


1. The offers graduates are now re- 
ceiving have coaxed away the 
bulk of the few men who believe 
they would like teaching. 

2. Staffs must be materially ex- 
panded during the next five 
years or classes even at the un- 
dergraduate level will be grossly 
neglected. 

3. Practically all new men must 
come from industry. That is 
where they go upon graduation. 


Comments and Suggestions 


A number of comments and sugges- 
tions were made that are summarized 
in the following. Some of these pro- 
pose further study or action on the 
part of ASEE. 

1. Colleges must do all they can 
to compete salarywise and to make 
teaching attractive enough to com- 
pensate for any remaining difference. 
More rapid development of individ- 
uals and faster promotions may ac- 
count for some of this; increased effi- 
ciencies through improved teaching 
methods may make possible higher 
salaries. The problem of differentia- 
tion on the campus between technical 
and non-technical teachers’ salaries 
and the need to enlighten state educa- 
tion departments and other controlling 
agencies were mentioned. 

2. A few have criticized the doc- 
toral requirements now in effect for 
promotions. More outstanding stu- 
dents will work for advanced degrees 
if they can be employed as full-time 
instructors during this period of study. 
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3. A central agency such as ASEE 
is proposed for recruiting, develop- 
ment of outstanding students, and in- 
terchange between colleges. This 
same agency might be responsible for 
“indoctrinating in the joys and satis- 
factions of a teaching career, and for 
helping those colleges that have un- 
dergraduate programs only and have 
no direct contact with the post-grad- 
uate students.” 

4. Losses are related to a desire for 
more industrial experience because of 
statements in final report of Grinter 
Committee; reference report, June 15, 
1955, pages 6 through 10. Is this real- 
istic when one considers that increase 
in population will require more engi- 
neers in industry, and increased en- 
rollment in engineering colleges will 
require more engineers for instructors. 
The supply of instructors in engineer- 
ing needs a thorough study. 

5. Industry must help with the 
problem or enrollment will be re- 
stricted. Some suggestions are: 


a. Compensation for graduate as- 
sistants to keep them on the 
campus. 

b. Collective study of the problem 
that will lead to collective action 
and to elimination of competitive 
bidding for qualified teachers. 

c. Establishment of “chairs” and in- 
dustrial subsidy (without strings ) 
for key professors. (The ethical 
implications of this and the effect 
on other colleges and depart- 
ments of a university should first 
be carefully explored. ) 

d. Support of research on the cam- 
pus that would provide extra 
compensation for teachers. 

e. Industrial consulting, summer 
jobs, one-day-a-week employ- 
ment, and other services that will 


| 
| : 
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provide enough financial incen- 
tive to keep good men on the 
campus. 


In closing, to say the least, the sur- 
vey highlights a problem that has gen- 
erally been recognized as one. It 
emphasizes the need for action. In 
the words of one dean: “The picture 
changes daily—and rapidly! We need 
salary help or else.” 

If help is not forthcoming to our 
engineering colleges, the quality of 
teaching will suffer and number of 
graduates will be fewer because of 
reduced enrollments. 

One dean concluded: “At a loss for 
solution.” Undoubtedly he is not 
alone in this feeling of frustration, but 
this problem is one that can be solved 
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effectively if industry and education 
will roll up their sleeves and tackle it 
together. 
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PUBLICATIONS COMMITTEE 


The Annual Report of the Publica- 
tions Committee consists of the min- 
utes of the meeting held at Iowa State 
College on the veranda of the Elec- 
trical Engineering Building at 4:00 
p.m. on Thursday, June 28, 1956. 
Present were G. W. Farnham, E. C. 
McClintock, Paul Fatout, and W. 
Leighton Collins, Chairman. The pri- 
mary topic of discussion was the Jour- 
NAL OF ENGINEERING EpucaTIon and 
the many suggestions made regarding 
modifications. No specific actions 
were taken, but there was a common 
agreement on: 


1. The general trend of changes 
made to date, making the JouRNAL 
more readable, more newsy, repre- 
sentative of all units of the Society, 


and of greater appeal to all members, 
should be continued. 

2. Plans to include a “Mechanics 
Division Section” to replace the Divi- 
sion Newsletter should be developed 
and put into effect on a trial basis 
The material for the “MDS” is to come 
from the Division. 

3. The basis for distinction between 
what should go into the JourNnat and 
what should go into a Divisional pub 
lication should continue to be as fol- 
lows:—“Papers of general interest to 
most divisions or pertaining to topics 
cutting across interests of other div: 
sions belong in the Journal; paper 
wherein the material is essentially 
“shop talk” between or among met 
bers of the Division and of interest 
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only to them should be in the Divi- from the committee members unable 
sional publications.” to attend the meeting; other items 
4, Devoting certain issues exclu- believed worthy of consideration also 


sively to papers of a specific Division should be mentioned. 

was considered undesirable because , 

of the limited reader appeal. Respectfully submitted, 
Written comments on the four W. LeIcHTon: CoLiins 

points mentioned above are solicited Chairman 


Annual Report of the 
RELATIONS WITH INDUSTRY DIVISION 


The year terminating June 1956 found the efforts of the Relations with 
Industry Division divided equally between current projects and the establish- 
ment of a permanent constitutional form that would encourage the growth 
and operation of the Division. 


I. Meetings conducted ‘by the Division (not including project committees ) 


were: 

June 22, 1955 Executive Committee Penn State College 

July 26, 1955 Executive Committee Detroit, Michigan 

October 12, 1955 Steering Committee Toronto, Ontario 

October 12, 1955 Executive Committee Toronto, Ontario 

January 25, 1956 Steering Committee Milwaukee, Wisconsin 

January 25, 1956 Executive Committee Milwaukee, Wisconsin 

January 26, 1956 College-Industry Conf. Marquette University 

June 26, 1956 Afternoon Session Panel Program, Ames, 
Iowa 

June 26, 1956 Dinner Session Joint with Cooperative 
Division 

June 27, 1956 Afternoon Session Joint with Evening Engr. 
Education 

June 27, 1956 Dinner Session Business Meeting and 
Election 


II. Subjects discussed in these meetings included: 


1. Humanities and Engineering. 

2. Migration of Personnel between Engineering College Faculties and 
Industry. 

. Why Industry likes the Co-op. 

. Evening Engineering Education and the Industrial Community. 

. Current problems and projects of the R.W.I. Division. 


| 
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III. Committees appointed during the year were: Repo 
1. Continuation of Constitution Committee. ETE 
2. Preparation of Manual for said Establishment of Local or Sectional 
R.W.I. Committees. The 
3. Publicity. when 
4. College Industry Conference 1957. tively 
5. Survey of Migration of Personnel between Engineering College Facul- | _ yeter: 
ties and Industry. viewr 
6. Annual Program 1956. riod ¢ 


IV. The permanent form of the R.W.I. was studied, discussed, and reorganized | Interv 
during the year. Some of these changes consisted of making the Steering Thi 
Committee the working, legislative body, with the Executive Committee eile 
operating as its name suggests. Permanent duties were assigned the Vice aah 
Chairman and the recommendation made that he normally advance to — : 
Chairman. The Vice Chairman’s responsibilities would include the coor- pain 
dination of all local and sectional R.W.I. Committees and activities. These “ae 
changes and several others were included in the revised Constitution. 


visit 

V. Projects completed during the year included. . . aa 
1. Printing of the Manual for the establishment of local or sectional R.W.I. | comp: 
Committees. fifty y 

2. Presentation of Constitution for approval at Annual Meeting. five c 
3. Survey of Migration of Engineering Personnel. throug 
4. College-Industry Conference at Marquette University. produ 
5. Permanent relations established between the Southwest Section, the [| succes 
Southern California Section, and the National R.W.I. Committees. porati 

6. Starting of local R.W.I. groups in Detroit and the Twin Cities in con- } ence i 
nection with the ECPD Five Year Program. neers. 
freque 


In addition to these activities, officers of our division appeared on programs | The 
of the ASME, the NSPE, and the program of the Iowa Engineering Society. | first 
Members of R.W.I. were also active on the ECPD Training Committee and the | experi 
Ethics Committee of the ASEE. Our officers also met with the Evaluation } gies a, 
Follow-Up Committee of the ASEE in connection with their program. studen 
Submitted in behalf of the R.W.I. Division, wee . 
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Report of the Committee on Ethics 
ETHICS IN A CHANGING ERA 


There is bound to be disturbance 
whenever aggressive but compara- 
tively inexperienced men encounter 
veterans who have built up a set of 
viewpoints and standards over a pe- 
riod of years. 


Interviewing Problem 


This is the situation we have in the 
business of interviewing seniors for 
engineering jobs. It has come to a 
head during the past year, principally 
in recent months. 

For representatives of employers to 
visit colleges and to talk to seniors 
about jobs is nothing new. A few 
distinguished American engineering 
companies have been doing it for 
fifty years. One could name twenty- 
five corporations which are known 
throughout the nation for excellent 
products, stable policies, and long and 
successful careers. Most of these cor- 
porations have had extensive experi- 
ence in the hiring of graduating engi- 
neers. Their personnel officials meet 
frequently and understand each other. 
The relations of these officials are on 
a first name basis. By association and 
experience, they have worked up poli- 
cies and attitudes about interviewing 
students. They consider their policies 
and attitudes good, and they are ex- 
ceedingly loyal to them. These pol- 
icies and attitudes are partly formal 
and expressed in writing, and partly 
understood and implied. 

In the meantime, engineering in- 
dustries have expanded prodigiously 
and new companies have come into 
being. Before World War II they 
were obscure or did not even exist. 
The new companies are aggressive 


and enterprising. They have accepted 
vast commitments both in manufac- 
turing and in research. They feel the 
shortage of engineers as much as other 
employers, or more so because they 
lack background and prestige. It is 
their custom to solve problems di- 
rectly, and sometimes ruthlessly. They 
need young engineers, so they go to 
the colleges to get them. Their in- 
terviewing officials are new in the 
business; they must hire graduates, so 
they hire them by whatever means 
will accomplish their purpose. 

Since the beginning of May, engi- 
neers, corporation officials, and educa- 
tors have complained to the Commit- 
tee on Ethics about the tactics of a 
number of “recruiters,” especially some 
of those who are new in the field. 
Complaints come in by telephone and 
in writing, from different sections of 
the country. 

It does appear that many inter- 
viewers have done things which are 
not in good taste. Interviewers have 
“over sold,” and have provided “elab- 
orate entertainment” for applicants. 
They have failed to give students a 
true picture of the industries they rep- 
resent. They have otherwise violated 
the “Ethics of Interviewing Proce- 
dures” adopted by the Council of 
ASEE in October, 1948, and published 
in the JouRNAL OF ENGINEERING Epv- 
CATION in March of the following 
year. Furthermore, there have been 
violations of the spirit, if not the let- 
ter, of the Canons of Ethics of ECPD. 
Employers have offered bonuses to 
students who had already committed 
themselves to somebody else. Seniors 
have been invited to visit the head- 
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quarters of employers when those em- 
ployers knew, or could know, that the 
seniors were already under contract 
to their competitors. 

Possibly these interviewers and em- 
ployers have not all been subjectively 
guilty. New corporations which came 
into being, and old corporations which 
expanded, had to develop their organ- 
izations as best they could. There 
are doubtless vice presidents of engi- 
neering who have never heard of 
ECPD or of the Canons of Ethics. 
Non-engineers have become engineer- 
ing interviewers. They know nothing 
about the “Ethics of Interviewing 
Procedures.” Indeed, there may even 
be members of the Society who do not 
know that there is an interviewers’ 
code. On the other hand, there are 
probably a few interviewers who 
know full well how to conduct them- 
selves but have deliberately disre- 
garded all the rules of the game. 

It would be inappropriate in this 
statement to go into the situation in 
detail as to names, dates, and places. 

The Committee on Ethics proposes 
to look into the difficulty. After a 
thorough review, the Committee hopes 
to propose a workable solution. The 
Committee may sponsor a meeting of 
college placement officers, interview- 
ing representatives from the indus- 
tries, and others concerned. In such 
a meeting it might be well to listen to 
all complaints. Each complaint could 
be studied in the light of the ASEE 
interviewing code. 

It may well be that some of the new 
generation of interviewers do not ac- 
tually violate the ASEE code. Per- 


haps they are merely out of line with 
commonly accepted standards of good 
form. In that case perhaps the Com- 
mittee should propose to the Society 
the addition of new elements to the 
Ethics of Interviewing Procedures. 


engineering, is considerable. 
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The Committee believes that the 
prestige of ASEE, of many of the na- 
tionally known engineering corpora- 
tions, and of the American colleges of 
When 
all these unite in support of a code of 
interviewing procedure, few employ- 
ers will care to defy the code. 

In any case the Society, and the 
Committee, should bring the code, 
even in its present form, to the atten- 
tion of engineers, educators, employ- 
ers, and students. 

In this whole business, the Com- 
mittee on Ethics must remember that 
not every aggressive person or meas- 
ure is unethical. The Committee must 
keep in mind the principle that enter. 
prise always irritates at least some 
people. It is at least possible that 
some interviewers have complained 
to the Committee only because they 
have been outwitted by recruiting de- 
vices which, however, are altogether 
legitimate. 


Undertakings 


When the Committee was first ap- 
pointed by President Woolrich, it 
adopted as a major objective to make 
engineers think about ethics, partic- 
ularly engineering educators, and to 
keep them thinking about ethics. 
Council of the Society approved this 
objective. The Committee believed 
then, and still believes, that it is bet- 
ter, under present conditions, to keep 
the question alive than to attempt 
to produce the kind of authoritative 
account or report which closes 4 
discussion. 

The engineering profession is con- 
cerned about ethics. At least thinking 
engineers and educators are. At the 
moment, engineering sciences, Ie 
search, and advanced technology are 
very much in the fashion. The con 
tents of professional journals, agenda 
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of engineering meetings, and even 
popular magazines, radio, and televi- 
sion all testify that the scientific phase 
of engineering has captured the atten- 
tion of the profession and of the pub- 
lic. Science and research could be 
expected completely to crowd from 
the scene such abstractions as engi- 
neering ethics. But science and re- 
search have not overwhelmed ethics. 
Engineers and engineering educators 
continue to think, talk, and write 
about ethics. For instance, the Amer- 
ican Institute of Electrical Engineers 
has gone so far as to project a hand- 
book on ethics to be distributed to the 
membership. The National Society 
of Professional Engineers is consider- 
ing a similar undertaking, and has 
organized a national committee to re- 
view cases involving violation of eth- 
ics. Such interest, in spite of the pre- 
vailing enthusiasm for science and 
research, seems to indicate that the 
profession considers ethics a major 
issue. 

In its meeting of June, 1955, the 
Committee set for itself a number of 
projects, most of them long term. 
But the Committee overreached itself; 
it was unable actually to undertake 
and complete most of these projects. 
They involved too much detailed 
work. 

However, the Committee did suc- 
cessfully complete one project. The 
Committee cooperated with ECPD 
in arranging a program on the topic 
of engineering ethics for the annual 
meeting of ECPD at Toronto, in Octo- 
ber, 1955. ECPD gratefully acknowl- 
edged this cooperation of the Com- 
mittee and passed a resolution en- 
dorsing the Committee’s work. This 
resolution was published in the Jour- 
NAL OF ENGINEERING EDUCATION in 
March of this year. 


ETHICS IN A CHANGING ERA 


169 


Cases in Ethics 


But the Committee did make satis- 
factory progress in its principal proj- 
ect. The Committee plans in time to 
propose to the Society the publication 
of a manual or a case book in ethics. 
The canons and codes of ECPD and 
of the several engineering societies are 
not suitable material for the teaching 
of ethics in the colleges of engineer- 
ing. They are merely bald statements 
of maxims. They serve to guide the 
engineer who confronts a problem or 
a difficulty in ethics, but they have 
no appeal for the engineering student 
who should learn something about 
ethics although he does not face a 
personal ethical problem. 

The Committee is of the opinion 
that ethics can be taught effectively 
only with the help of specific cases or 
situations, preferably from actual life 
and practice in engineering. To ex- 
plore such cases in the light of canons 
and codes is, by common consent, an 
appropriate technique for teaching 
ethics. A manual or case book will be 
invaluable in the teaching of ethics, 
regardless of the teaching method. 
Some engineering educators prefer 
formal courses in ethics. Others favor 
lectures, and still others prefer con- 
ferences with student groups and 
meetings of student societies. But all 
of them will welcome a manual in 
which specific problems are presented, 
and perhaps even analyzed. 

During the past year, the Commit- 
tee has gathered data for such a man- 
ual. The Committee has written to 
officers and Council members of 
ASEE, to deans and professors known 
to be interested, and to a few others. 
These have been asked to send to the 
Committee information on particular 
cases or problems which have come 
to their attention. 
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A considerable number of cases 
have been proposed. For instance: 


(a) If the codes of ethics require 
an engineer to share technical 
knowledge with his fellows, 
how can it be legitimate for an 
employed research engineer to 
keep in confidence the results 
of his researches? 

(b) Is it proper for an employed 
sales engineer to recommend 
to a customer the purchase of 
a competitor's machine when 
the engineer is convinced that 
the competitor’s machine meets 
the customer’s requirements 
more nearly than his own com- 
pany’s product? 


The Committee will now extend 
the correspondence to the secretaries 
and committees on ethics or profes- 
sional practice of the engineering so- 
cieties, officials of important engineer- 
ing corporations, state boards of engi- 
neering examiners, editors of technical 
journals, and others who may have in- 
formation about violations. 


Activity of the Membership 
of the Committee 


During the year, members of the 
Committee have actively promoted 
interest in ethics among engineers, 
engineering educators and students. 

In particular, members of the Com- 
mittee have published one article on 
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the subject of ethics in the JouRNAL or 
ENGINEERING EDUCATION, one in the 
Civil Engineering Bulletin and two in 
the Bent of the Tau Beta Pi Associa. 


‘tion. Furthermore, members of the 


Committee have delivered addresses 
on ethics, and on topics comprising 
ethics, before: 


Two sessions of ECPD during the 
annual meeting at Toronto in Oc. 
tober of last year. 

Seven student groups in colleges 
and schools of engineering. 

A session of the Civil Engineering 
Division during the annual meeting 
of ASEE in June, 1955. 

A meeting of a state branch of the 
National Society of Professional 
Engineers. 

The national convention of the Na- 
tional Society of Professional Engi- 
neers. 
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sistance. The work of the Committee 
has always been pleasant and stim- 
ulating because of the cooperative 
attitude of all with whom the Com- 
mittee has done business. Without 
such support and encouragement, the 
Committee would be helpless. 
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THE COMMITTEE ON RESOLUTIONS 


RECOMMENDS that the Society 
adopt the following: 


The American Society for Engineer- 
ing Education desires to express its 
deep sense of appreciation to the 
many persons who have contributed 
to the outstanding nature of its 64th 
Annual Meeting. 

We are indebted to President James 
H. Hilton, of the Iowa State College, 
and to the members of his staff for 
their cordial welcome, and for the 
splendid arrangements they made for 
our comfort and convenience (includ- 
ing housing and meals), and the 
orchestra, chorus, band, and other 
forms of entertainment. 

We acknowledge a special debt of 
gratitude to Professor L. O. Stewart, 
General Chairman of the local com- 
mittee in charge of arrangements for 
the meetings, and to all staff members 
of the college who have served on so 
many committees and have made such 
effective arrangements for the great 
number and variety of events which 
collectively constitute the Annual 
Meeting of ASEE. 

We are especially grateful to Mrs. 
H. M. Black, Chairman, and to all of 
the ladies on her committee in charge 
of the Women’s program, and to Mrs. 
I. F. Sandfort, Chairman, and to the 
ladies on her committee in charge of 
the Young People’s program, for the 
splendid arrangements they have made 


for the comfort and pleasure of our 
wives and children. 

The Society offers its thanks and 
commendations to the national offi- 
cers, Council members, Division and 
Committee chairmen, and others re- 
sponsible for planning and conducting 
the technical sessions, and to the many 
speakers whose generous contributions 
of time, energy, and experience have 
resulted in outstanding programs that 
are destined to make a notable con- 
tribution to the advancement of engi- 
neering education. 

The committee is humbly grateful 
for the initiative displayed by the 
local committee in breaking the long- 
established tradition of the Society— 
that the argumentative heat engen- 
dered in the meetings be matched by 
the local weather. We sincerely hope 
that the committee’s accomplishments 
will establish a new precedent which 
will be followed by future committees. 

The committee further recommends 
that the Society direct that these state- 
ments be spread upon the official min- 
utes of its Sixty-Fourth Annual Meet- 
ing, and that copies be sent to all per- 
sons mentioned in these statements. 


Respectfully submitted, 


Henry H. ArRMsBy 
S. C. 


Lewis K. DownINnc 
Chairman 
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State College, Raleigh, N. C. 

V. Chmn.: H. J. Stoever, Iowa State 
College, Ames, Iowa 

Secretary: Ali Bulent Cambel, North- 
western University, Evanston, IIl. 

Editor: C. O.-Anderson, North Da- 
kota State Agricultural College, 
Fargo, North Dakota 

Machine Design and Manufacturing 

Process Subdivision: 

Chmn.: V. L. Doughtie, University 
of Texas, Austin, Texas 

V. Chmn.: Jos. Modrey, Union Col- 
lege, Schenectady, New York 

Secretary: E. E. Day, University of 
Washington, Seattle, Wash. 

Editor: F. A. Posser, New York Uni- 
versity, New York 53, N. Y. 

MECHANICS: 

Chairman: F. McCormick, Kansas State 
College, Manhattan, Kansas 

Secretary: V. S. Haneman, Air Force In- 
stitute of Technology, Wright Patter- 
son Air Force Base, Ohio 

Representative: J. W. Howe, University of 
Iowa, Iowa City, Iowa 

Editor: Arthur Davis, Iowa State College, 
Ames, Iowa 

Exec. Comm.: (new members) L. A. 
Smith, Michigan State University; Archie 
Higdon, USAF Academy, Denver, Col- 
orado 

MINERAL ENGINEERING: 

Chairman: S. F. Faunce, John Wood Co., 
Union, N. J. 

Vice Chairman: D. Eppelsheimer, Mis- 
souri School of Mines, Rolla, Mo. 

Secretary: Wm. Kriegel, North Carolina 
State College, Raleigh, N. C. 
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Representative: C. O. Frush, Iowa State 
College, Ames, Iowa 
Puysics: 
Chairman: N. Frank, Massachusetts In- 
stitute of Technology, Cambridge, Mass. 


Vice Chairman: M. White, Pennsylvania - 


State University, University Park, Pa. 

Secretary: J. Potter, Texas A. & M. Col- 
lege, College Station, Texas 

Representative: R. J. Seeger, National Sci- 
ence Foundation, Wash., D. C. 

Exec. Comm.: H. Carrigan, J. Buchta, J. 
Howey, F. Meyers 

RELATIONS WITH INDUSTRY: 

Chairman: C. Muhlenbruch, Educational 
& Technical Consultants, 1718 Sher- 
man Ave., Evanston, IIl. 

Vice Chairman: R. A. Emerson, E. I. du 
Pont de Nemours & Co., Wilmington, 
Delaware 

Secretary: G. K. Dreher, Steel Founders 
Society of America, 606 Terminal Tower, 
Cleveland 13, Ohio 
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Representative: A. R. Hellwarth, Detroi 
Edison Co., 2000 Second Ave., Detroit 
Michigan 

TECHNICAL INSTITUTE: 

Chairman: K. O. Werwath, Milwaukee 
School of Engineering, Milwaukee, Wis. 
consin 

Vice Chairman: K. L. Holderman, Pem. 
sylvania State University, University 
Park, Pa. 

Secy-Treas.: D. C. Metz, University of 
Dayton, Dayton 9, Ohio 

Representative: C. S. Jones, Academy of 


Aeronautics, La Guardia Field, New |. 


York 

Editor: Jeanne Miller, McGraw-Hill Book 
Co., 330 West 42nd St., New York 36, 
New York 

Exec. Comm.: (new members) R. Warren 
Marsh; W. K. Mayo, K. R. Miller, L. 6. 
Morey 


OFFICERS OF SECTIONS, 1956-1957 


ALLEGHENY: 

Chairman: B. A. Whisler, Pennsylvania 
State University, University Park, Pa. 

Vice Chairman: R. D. Slanneger, West 
Virginia University, Morgantown, West 
Virginia 

Secretary: E. P. Nye, Pennsylvania State 
University, University Park, Pa. 

YET Section Chmn.: J. G. Richter, Penn- 
sylvania State University, University 
Park, Pa. 

RWI Repr.: George Lobingier, Westing- 
house Electric Corporation, East Pitts- 
burgh, Pa. 

Council Repr.: W. I. Short, University of 
Pittsburgh, Pittsburgh, Pa. 

Chairman: O. W. Eshbach, Northwestern 
University, Evanston, IIl. 

Vice Chairman: F. W. Trezise, University 
of Illinois, Navy Pier, Chicago, Ill. 
Secy-Treas.: D. D. Kilner, Northwestern 

University, Evanston, IIl. 

Council Rep.: R. G. Owens, Illinois. In- 
stitute of Technology, Chicago, IIl. 

YET Section Chmn.: W. K. LeBold, Pur- 
due University, Lafayette, Indiana 


KansAs-NEBRASKA: 

Chairman: J. K. Ludwickson, University 
of Nebraska, Lincoln, Neb. 

Vice Chairmen: L. O. Hanson, University 
of Wichita, Wichita, Kans., F. J. Mc 
Cormick, Kansas State College, Mar- 
hattan, Kan. 

Secretary: H. L. Kipp, University of Kan- 
sas, Lawrence, Kan. 

Council Repr.: N. H. Barnard, University 
of Nebraska, Lincoln, Nebr. 

YET Section Chmn.: D. O. Pierce, Uni- 
versity of Nebraska, Lincoln, Neb. 

MICHIGAN: 

Chairman: C. L. Fanning, General Mo- 
tors Institute, Flint, Mich. 

Vice Chairman: G. B. Uicker, University 
of Detroit, Detroit, Mich. 

Secy-Treas.: M. M. Ryan, Lawrence Insti- 
tute of Technology, Detroit, Michigan 

Council Repr.: G. G. Brown, University 
of Michigan, Ann Arbor, Mich. 

YET Section Chmn.: James Day, Wayne 
State University, Detroit, Mich. 

ATLANTIC: 

Chairman: G. B. Thom, Newark College 

of Engineering, Newark, N. J. 
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Vice Chairman: D. S. Bridgman, Amer- 
ican Telephone & Telegraph Co., New 
York, N. Y. 

Secy-Treas.: J. B. Baker, Drexel Institute 
of Technology, Philadelphia, Pa. 

Council Repr.: R. W. Van Houten, Newark 
College of Engineering, Newark, New 
Jersey 

YET Section Chmn.: E. K. Muhlhausen, 
Lehigh University, Bethlehem, Pa. 

MissoURI-ARKANSAS: 

Chairman: L. R. Heiple, University of 
Arkansas, Fayetteville, Ark. 

lst V. Chairman: A. W. Schlechten, Mis- 
souri School of Mines, Rolla, Mo. 

9nd V. Chairman: Gerald Nadler, Wash- 
ington University, Seattle, Wash. 

Secretary: C. W. Oxford, University of 
Arkansas, Fayetteville, Ark. 

Council Repr.: G. F. Branigan, University 
of Arkansas, Fayetteville, Ark. 

YET Section Chmn.: N. H. Barnette, Uni- 
versity of Arkansas, Fayetteville, Ark. 

NaTIONAL CAPITAL AREA: 

Chairman: W. J. Huff, University of 
Maryland, College Park, Md. 

Vice Chairman: R. L. Goetzenberger, 
Minneapolis-Honeywell Regulator Com- 
pany, Minneapolis, Minnesota 

Secy-Treas.: Albert Preisman, Capital Ra- 
dio and Engineering Institute, Washing- 
ton, D. C. 

Council Repr.: H. H. Armsby, U. S. 
Office of Education, Washington, D. C. 

YET Section Chmn.: R. M. Jones, Howard 
University, Washington, D. C. 

New ENGLAND: 

Chairman: W. S. Evans, University of 
Maine, Orono, Me. 

Secy-Treas.: E. F. Littleton, Tufts Uni- 
versity, Medford, Mass. 

Council Repr.: E. T. Donovan, University 
of New Hampshire, Durham, N. H. 
YET Section Chmn.: A. E. Bryson, Har- 

vard University, Cambridge, Mass. 
NortH Mipwest: 

Chairman: J. W. Howe, State University 
of Iowa, Iowa City, Iowa 

Vice Chairman: Paul Cartwright, Univer- 
sity of Minnesota, Minneapolis, Min- 
nesota 

Secy-Treas.: J. O. Osborne, State Univer- 
sity of Iowa, Iowa City, Iowa 

Council Repr.: A. B. Drought, Marquette 
University, Milwaukee, Wisc. 

YET Section Chmn.: F. O. Leidel, Uni- 
versity of Wisconsin, Madison, Wis. 
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Onto: 


Chairman: E. D. Harrison, University of 
Toledo, Toledo, Ohio 

Vice Chairman: W. M. Petry, University 
of Akron, Akron, Ohio; M. L. Smith, 
Ohio State University, Columbus, Ohio 

Secretary: R. C. Quisenberry, Ohio Uni- 
versity, Athens, Ohio 

YET Section Chmn.: G. D. Moon, Uni- 
versity of Cincinnati, Cincinnati, Ohio 


Paciric NORTHWEST: 


Chairman: M. C. Jensen, Washington 
State College, Pullman, Wash. 

Vice Chairman: E. G. Ericson, Washing- 
ton State College, Pullman, Wash. 

Secy-Treas.: J. T. Kimbrell, Washington 
State College, Pullman, Wash. 

YET Section Chmn.: Roy E. Tinney, 
Washington State College, Pullman, 
Wash. 

Council Repr.: R. D. Sloan, Washington 
State College, Pullman, Wash. 


PaciFic SOUTHWEST: 


Chairman: Daniel Whelan, Loyola Col- 
lege, Los Angeles, Calif. 

Vice Chairman: I. J. Sandorf, University 
of Nevada, Reno, Nevada 

Secretary: Martin Capp, San Diego State 
College, San Diego, Calif. 

Council Repr.: E. L. Grant, Stanford 
University, Stanford, Calif. 

2nd Vice Pres. in charge of study: Bon- 
ham Campbell, University of California, 
Los Angeles, California 

Editor-Nuggets: D. L. Trautman, Univer- 
sity of California, Los Angeles, Cali- 
fornia 

YET Section Chmn.: J. S. Campbell, Jr., 
University of California, Berkeley, Cal. 


Rocxy MountTAIN: 


Chairman: Billings Brown, Brigham 
Young University, Provo, Utah 

Vice Chairman: Frank Campbell, Col- 
orado School of Mines, Golden, Colo. 

Secretary: Robert Linebarger, Brigham 
Young University, Provo, Utah 

YET Section Chmn.: Walter Meers, Uni- 
versity of Colorado, Boulder, Colo. 

Council Repr.: W. Richtman, Colorado 
School of Mines, Golden, Colo. 


SOUTHEASTERN: 


Chairman: Merl Baker, Director, Ken- 
tucky Research Foundation, University 
of Kentucky, Lexington, Kentucky 

Secretary: L. E. Schoonmaker, University 
of Florida, Gainesville, Fla. 
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YET Section Chmn.: J. L. Artley, Duke 
University, Durham, N. Car. 
Council Repr.: Harold Flinsch, Mississippi 
State College, University, Mississippi 
SOUTHWEST: 


Chairman: E. M. Thomas, Texas West- 


ern College, El Paso, Texas 

Vice Chairman: A. R. Burgess, Texas 
A. & M. College, College Station, Texas 

Secy-Treas.: Jack Lenhart, University of 
Texas, Austin, Texas 

Council Repr.: V. L. Doughtie, University 
of Texas, Austin, Texas 


YET Section Chmn.: B. H. Amstead, Uni. 
versity of Texas, Austin, Tex. 
Upper New 
Co-Chairmen: W. H. Branch, Gener 
Electric Co., Schenectady, N. Y.; R. 


Russ, Union College, Schenectady, N.Y | 


Vice Chairman: T. R. Faucett, Universit 
of Rochester, Rochester, N. Y. 

Secy-Treas.: A. Hoadley, Union Colleg. 
Schenectady, New York 

Council Repr.: R. M. Campbell, Alfred 
University, Alfred, New York 

YET Section Chmn.: Guralnick, Corel 
University, Ithaca, N. Y. 


EJC THIRD GENERAL ASSEMBLY 
January 17-18, 1957, Statler Hotel, New York City 


The following preliminary program is subject to modification: 


Thursday—January 17 
8:00-10:00 a.m. Registration 


10:00 General Assembly and Welcome 

10:10 Panel—Problem of Engineers in Public Service 
11:00 Discussion Period 

12:30 Luncheon—Speaker—J. B. Rae, M.I.T. 

2:00 Panel—Analysis of Salary Practices 

4:00 Discussion Period 

6:00 Reception 

7:00 Dinner—EJC President’s Report—Speaker, H. T. 


Heald, Ford Foundation 


Friday—January 18 


9:00 a.m. Registration 

10:00 Panel—Engineering and International Relations 

11:15 Discussion Period 

12:30 p.m. Luncheon—Speaker—E. Black, President, Inter- 
national Bank for Reconstruction and De- 
velopment 

2:00 First Meeting of EJC 1957 Board of Directors, 


open meeting for Associate and Affiliate 
member societies 
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GRAPHIC SCIENCE 


Analysis—Synthesis—Communication 


Sponsored by the Engineering Drawing Division 
Editor: Albert Jorgensen, University of Pennsylvania 


Editor Elect: J. N. Arnold, Purdue University 


“FIRST CLASS” THOUGHTS ON FRESHMEN 


The thrill of anticipation which 
comes to me as I walk into a class- 
room to meet a new class of freshmen 
for the first time is one which grows 
year after year, and one which I hope 
will never diminish. It is doubtful 
whether the students ever realize 
what is going on in the mind behind 
the friendly face which I try to pre- 
sent as I look them over contempla- 
tively while attempting to put them 
at ease. A variety of questions are 
arising and competing for attention 
behind my mask. 

One question has to do with a very 
human search for friendships. Many 
of my closest friends were first met at 
the moment we are now considering. 
Most of them have graduated and are 
successful in their profession; they are 
family men, towers of strength and in- 
fuence in their civic and industrial 
communities. They are scattered all 
over the world, but find time to write 
and to keep in touch. So, this is one 
question I am silently asking as I meet 
them eye to eye, “Will you be among 
my future friends?” 

Every man who has ever attended 
one of my classes has heard me imply, 
ot quote from a distinguished col- 


JOHN M. RUSS 


Head, Department of Engineering Drawing 
The State University of Iowa 
Iowa City 


league, “Look well to your right and 
to your left. When you graduate, one 
of these men will not be with you.” 
Why will some fail to accomplish 
what they are setting out to do? How 
many will leave before graduating? 
That this happens is one of life’s trag- 
edies. It is frequently a matter of 
luck, finances, conditions at home, or 
worse still, too much attention to 
frivolities or too little application of 
intellectual stamina. The actual dif- 
ference between the man who leaves 
during or after his first semester and 
the man who graduates with honors is 
very small. 

How many will blow up under pres- 
sure during an exam, in spite of having 
carefully learned the material? I use 
examinations copiously. To inquire? 
Yes, but more fundamentally as a 
teaching device. I capitalize heavily 
on the psychology of that fearful 
word “Exam.” But why should it be 
fearful? Why, rather, should it not 
be a finger that wipes away the film 
of dust from the polished surface of 
knowledge? Why not think of exam- 
inations as being slyly strewn stum- 
bling blocks that will eventually pave 
highways to greater knowledge? In 
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industry every task will be an exam. the incentive. Do you know th 
You don’t “flunk” on the job. You Ulysses Grant was unsuccessful , NEV 

make good or you are fired. late as four years before the thre 
How many will plunge with ardor _ of impending catastrophe forced hin} ALTEN 
into extra-curricular activities? Wha _ to display the previously hidden qu} £8 
will take advantage of the fact that ities that placed him in charge of tk} 7") 
this is a university campus, with its | Union Armies? Do you know th ““ 
lectures, music, and drama? How Abraham Lincoln was a happy-» rae 
many realize that your classmates are —_ lucky country lawyer until six yea} “cy, 
future leaders of your community, before a national crisis placed himi} ity, 
state, and nation? Will you seek, jus- the President’s chair? Four yew} Tay 
tify, and hold friendships with the __ later he had become a leader in wotif Banca 
now embryonic key men of a genera- _ thought. _ inT 
tion? These are the factors, these are How many of you have similar} Uni 
the catalysts, which, when blended tent talent? How many will ew} Jam 
with technical training, will yield the know it? What can I do to kindleitf Burrm 
priceless future of a full and bal- What can I do to help you discow) Paci 
anced life. it? What can I do to keep it ali = 
How many will be able to supply _—_and available for the years that ji rig 
or find the ingredient, which when ahead? These are the thoughts thi we 
combined with opportunity, is in- are surging for response, behind tk} yj, 
herently necessary to human develop- _ smile and the challenge with whidf ww, 
ment? The university is offering you I meet you on the occasion of or} Cogpy 
the opportunity. You must furnish first class. of 
Uni 
TEACHING POSITIONS AVAILABLE Denis 
Ca 
Associate Professor or Professor needed in Mechanical Engineer- Stat 
ing positions, all branches, combining teaching and research on a Pen 
twelve month basis. Ph.D. preferred, can start during the school J. R 
year. Write to the M. E. Department, Alabama Polytechnic DEFRA 
Institute, Auburn. 
Position available as Assistant or Associate Professor in Indus- York 
trial Engineering. Man with experience in diversified industry Dunn, 
needed for planning and control, tooling and mechanization, and fess 
other production techniques. Cooperating industries assist in sup- Stat 
plying appropriate research facilities. Advanced degrees helpful. Pi 
Excellent consulting opportunities, beautiful campus, nine month — 
contract, salary open. Some teaching experience desirable; can oe 
: develop new courses. Write to Department of Industrial Engi- Con 
neering, Washington University, St. Louis 5, Missouri. Tuc 
: Mechanical Engineering, Fluid Dynamics, Electrical Engi- F Call 
neering, Physics, and Mathematics teachers needed. Advanced co 
degrees required. Write to President A. B. Bronwell, Worcester Nes 
Polytechnic Institute, Worcester, Massachusetts. ag 
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NEW MEMBERS OF THE ASEE 


ALTENDERFER, Howarp D., Instructor in 
Engineering Extension, The Pennsyl- 
vania State University, University 
Park, Pennsylvania. G. R. Nelson, F. 
N. Esher. 

BaeY, RayMonp Victor, Head of 
Chemical Engineering, Tulane Univer- 
sity, New Orleans, Louisiana. F. M. 
Taylor, L. H. Johnson. 

BIANCHINI, ALBERT CANDIDO, Instructor 
in Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Illinois. 
James O. Smith, F. B. Seely. 

BuFFINGER, WILLIAM GEORGE, President, 
Pacific States University, Beverly Hills, 
California. W. Leighton Collins, M. 
M. Boring. 

CorFEEN, HALE LANPHER, Assistant Pro- 
fessor of Architectural Engineering, 
University of Texas, Austin, Texas. 
W. W. Dornberger, P. M, Ferguson. 

Corpua, JoAguin, Professor and Chief 
of the Electrotechnical Laboratory, 
University of Chile, Santiago de Chile. 
W. L. Collins, M. M. Boring. 

Derina, FRANK Paut, Instructor in Elec- 
trical Engineering, The Pennsylvania 
State University, University Park, 
Pennsylvania. H. K. Holderman, T. 
J. Rung. 

DeFRANCE, JOsEPH J., Department Head, 
Electrical Technology, New York City 
Community College, Brooklyn, New 
York. O. Klitgord, J. E. Krauss. 

Dunn, WiLL1AM ARTHUR, Assistant Pro- 
fessor of Engineering, Pennsylvania 
State University, Altoona, Pennsyl- 
vania. H. K. Holderman, T. J. Rung. 

ErstEIN, Davin Jacos, Assistant Pro- 
fessor of Electrical Engineering, Mas- 
sachusetts Institute of Technology, 
Cambridge, Massachusetts. C. E. 
Tucker, Karl L. Wildes. 

FaMULARO, JosEPH J., Coordinator of 
College Recruiting, Columbia Gas Sys- 
tem Service Corporation, New York, 
New York. W. D. Mcllvaine, Jr., W. 
L. Collins. 


FrecLey, KENNETH A., Assistant Profes- 
sor of Electrical Engineering, Univer- 
sity of Pennsylvania, Drexel Hill, Penn- 
sylvania. H. Sohon, C. D. Fawcett. 

FRASER, RussELL Epwarb, Associate Edi- 
tor, John Wiley & Sons, Inc., New 
York, New York. R. J. Tilley, C. B. 
Stoll. 

FREEMYERS, RussELL LORAINE, Assistant 
Professor of Engineering, Chico State 
College, Chico, California. H. Lang- 
don, Ned Guilford. 

Lucius Duke, Assistant Pro- 
fessor of Technical Institute, Univer- 
sity of Dayton, Dayton, Ohio. D. C. 
Metz, A. W. Knisley. 

Grove, Corne.ius S., Jr., Director of 
Engineering Research, Syracuse Uni- 
versity, Syracuse, New York. J. A. 
King, K. N. Tong. 

HENDERSON, Dovucias Bruce, Com- 
mander, Engineering Department, 
U. S. Coast Guard Academy, New 
London, Connecticut. G.M.Phumml- 
ler, E. P. Rivard. 

HERNANDEZ-LOPEZ, WILFREDO, Assist- 
ant Professor of Mechanical Engineer- 
ing, College of Agriculture and Me- 
chanic Arts, Mayaguez, Puerto Rico. 
J. H. Rodriquez, G. D. Mandry. 

Hewitt, Epwarp CHaRLEs, Instructor in 
Engineering Extension Department, 
Pennsylvania State University Exten- 
sion, University Park, Pennsylvania. 
C. A. Herald, C. E. Sohl, Jr. 

Hipskinp, JoHN Puiwip, Instructor in 
General Engineering, University of Il- 
linois, Urbana, Illinois. S. G. Hall, 
James R. Tague. 

KNICKERBOCKER, Lewis L., College In- 
terviewer, Employment Department, 
The Detroit Edison Company, Detroit, 
Michigan. A. R. Hellwarth, D. C. 
Hunt. 

Lomask, SAMUEL, Instructor in General 
Engineering, University of Illinois, 
Urbana, Illinois. S. G. Hall, J. R. 
Tague. 
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Mount, Ropert Hayes, Instructor in 
Physics, Michigan College of Mining 
and Technology, Houghton, Michigan. 
Kenneth Heafield, W. A. Longacre. 

Orr, JosEPH ANDERSON, Professor of Civil 
Engineering, A & M College of Texas, 
College Station, Texas. Dr. S. R. 
Wright, R. L. Peurifoy. 

PENNINGON, WILLIAM A., Professor of 
Chemical Engineering, University of 
Maryland, College Station, Maryland. 
W. Leighton Collins, C. E. Kesler. 

Po.kxowsk1, LAWRENCE B., Instructor in 
Civil Engineering, University of Wis- 
consin, Madison, Wisconsin. H. A. 
Kallsen, J. R. Villemonte. 

SAUNDERS, WILLIAM ALLISON BAXTER, 
Vice-Principal, Provincial Institute of 
Technology and Art, Calgary, Alberta, 
Canada. W. L. Collins, C. E. Kesler. 

SNYDER, JAMES NEwTON, Associate Pro- 
fessor of Physics, University of Illinois, 
Urbana, Illinois. W. L. Everitt, R. J. 
Martin. 

SoLp, GeorcE A., Senior Personnel As- 
sistant, Employment Department, The 
Detroit Edison Company, Detroit, 
Michigan. A. R. Hellwarth, D. C. 
Hunt. 
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STALLMAN, EDWARD BADEN, Persong 
Supervisor, Bell Telephone Labor, 


W. Braunwarth, H. P. Smith. 

SULLIVAN, TuRNER M., Instructor in 4. 
counting, Southern Technical Institut. 
Chamblee, Georgia. L. V. Johnsm 
W. R. Halstead. 

UMHOLTz, RoBERT Car., Assistant Pn. 
fessor of Engineering Drawing, Un. 
versity of Kansas, Lawrence, Kansy 
A. S. Palmerlee, H. F. Kipp. 

Upcuurcy, Lattice M., Jr., Director ¢ 


Residence School, Capitol Radio In} 


gineering Institute, Washington, D.( 
T. J. Rung, Albert Preisman. 

Witson, DALE GLANDON, Instructor, 
dustrial Technology Department, Pu 
due University, Lafayette, Indiam 
N. Dougherty, C. W. Beese. 

Wocno.ski, LEONARD B., Associate 
Chairman, Science Department, Ge 
eral Motors Institute, Flint, Michigan. 
C. A. Brown, H. M. Dent. 


35 New Members 
50 Previously Added 


85 New Members This Year 


ARTHUR R. CARR 


Arthur R. Carr, Dean of the College of Engineering at 
Wayne State University, died suddenly June 12, 1956, at 
the age of sixty-three years. A member of ASEE since 1927, 
Dean Carr has headed the College since its organization 
in 1933. 
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ANNOUNCEMENT OF AWARDS 


LAMME AWARD 


Jersey. 


The Lamme Award consists of a 


gold medal and bronze replica be- 


stowed annually upon a distinguished 
engineering educator for excellence 
in teaching and contributions to the 
att of teaching; contributions to re- 
research and_ technical literature; 
achievements which contribute to the 
advancement of the profession; and 
engineering college administration. 
The Lamme trust fund was estab- 
lished in memory of Benjamin Garver 
Lamme in 1928. 


Qualifications 

The following qualifications of nom- 
inees for the Lamme Award will be 
considered by the Lamme Award 
Committee in selecting the recipient: 


1, Excellence in teaching and abil- 
ity to inspire students to high levels 
of accomplishment. 

2. Improvement of engineering edu- 
cation through contributions of books, 
technical articles, or research which 
have a lasting influence on engineer- 
ing education. 

3, Administration of engineering 
schools which has led to definite and 
recognized improvements in the arts 
of engineering education. 

4, Participation in the work of en- 
gineering and educational societies 
which has led to improvement of en- 
gineering education. 

5. Achievements outside the field of 
teaching, such as development in in- 
dustry, consulting work, inventions, 
government service, etc. Such achieve- 
ments will be considered secondary in 
importance in selecting the recipient. 


Nominations 
Nominations for the Lamme Award 
can be made by any member of the 


Society. 


(See page 189 for Nomination Form) 


Nominations should emphasize the 
contributions of the candidate to the 
improvement of engineering educa- 
tion. Concise statements of achieve- 
ments are of more value than num- 
erous recommendations of former stu- 
dents. Information from “Who’s Who” 
is helpful but should be supplemented 
by information as to specific contribu- 
tions to the improvement of engineer- 
ing education. 

In preparing the biography of a 
nominee, the following outline is sug- 
gested: 


1. Name, age, title of present posi- 
tion. 

2. Academic preparation for teach- 
ing, including schools attended, year 
graduated, degrees, post-graduate 
work, honorary degrees, etc. 

3. Distinguished accomplishments 
as a teacher. 

4, Advancement of the art of engi- 
neering education including books, 
articles, contributions to research, etc. 

5. Administrative work in engineer- 
ing schools. 

6. Membership and participation in 
engineering and educational societies. 

7. Engineering practice—employ- 
ment in industry, consulting work, in- 
ventions, etc. 

8. Other achievements. 


Nomination forms and a convenient 
form for summarizing information 
may be obtained from the Committee 
Chairman or from the Secretary of 
the Society, W. Leighton Collins, Uni- 
versity of Illinois, Urbana, Illinois. 

Nominations should be submitted 
by letter to the Chairman of the 
Lamme Award Committee, Dean C. 
L. Eckel, College of Engineering, Uni- 
versity of Colorado, Boulder, Colo- 
rado, on or before March 1, 1957. 
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ECRC RESEARCH AWARDS 
OPEN FOR NOMINATIONS 


To encourage excellence in research 
by engineering college staff members, 
the Engineering College Research 
Council announces competition for 
two awards in 1956-1957. One, the 
Vincent Bendix Gold Medal, signal- 
izes the achievements of mature engi- 
neers and scientists. The quality of 
nominees sought is exemplified by the 
1956 and initial recipient, Dr. C. C. 
Furnas, former Director of the Cornell 
Aeronautical Laboratory and Chan- 
cellor of the University of Buffalo, a 
well-known author, now Assistant Sec- 
retary of Defense for Research and 
Development. This award is given 
with the assistance of the Bendix 
Aviation Corporation of Detroit. 

The second, to be offered for the 
first time in June, 1957, honors Curtis 
W. McGraw and consists of a cer- 
tificate and one thousand dollars. It 
is intended to encourage younger re- 
search workers, under forty years of 
age, in pursuing their careers, carry- 
ing further the promising investiga- 
tions of which the preliminary fruits 
have gained the respect and admira- 
tion of fellow and senior workers in 
the field. This award has been made 
possible through the support of the 
McGraw-Hill Book Company of New 
York City. 

Both awards are presented by the 
ASEE at its Annual Meeting in June. 
Nominations may be made by col- 
leagues, research superiors, or by 
others familiar with the candidate 
and his work. Appropriate forms, 
giving detailed criteria and regula- 
tions, have been prepared. They will 
be distributed to and available from 
institutional representatives of ECRC, 


and will be published in an early isy 


of the JournaL. Additional cops 
can be obtained by writing to th 
selection chairmen, as indicated 
low, or to ASEE headquarters. 
The selection committees will » 
preciate suggestions of suitable cang 
dates, and hope to make the nomin 
tion procedures as simple as possibk 
Information needed will in gener) 
include a short (300 word) citatin 
of accomplishments and _ reasons fr 
meriting the award, giving speci 
achievements in and contributions t 
college research, including public. 
tions. This should be accompanie! 
by a biographical sketch emphasiziny 
research positions held, and identific. 
tion of present affiliations. (Not mor 


than six to ten supporting letters ma} ! 


be included, if considered necessary; 
March 1, 1957, is the final date fr 
submitting nominations, which shoul 
be sent to the Chairman of the » 
propriate award committee. 


Vincent Bendix Award 


Sponsored by the ECRC, this medi 
is presented in recognition of an ott 
standing record to research in eng 
neering and the engineering scienc 
carried on by American colleges avi 
universities. The recipient is selecte! 
annually on the basis of his achieve 
ments in and contributions to orig 
inal research, research administratio 
leadership influencing the producti 


research of others, and the effectivf ; 


application of research results to th 
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fessor Ross J. Martin, Bendix Award 
Committee Chairman, College of En- 
gineering, University of Illinois, Ur- 
hana, or ASEE Secretary W. Leighton 
Collins. 


Curtis W. McGraw Research Award 


Primarily intended to recognize the 
outstanding young member of an en- 
gineering college research staff in the 
United States, the Curtis W. McGraw 
prize is limited to nominees who will 

be under 40 years of age on June 30, 
bis For this award, quality rather 

than quantity of research production 
is desired; indications of excellence 
are sought through acceptance of re- 


The George Westinghouse Award 
is made under the following general 
conditions: 


l. Purpose. To recognize and en- 
courage outstanding contributions to 
the teaching of students of engineer- 


ing. 

2. The Award. A sum of $1,000 
and an appropriate engraved certif- 
icate are to be given at the annual 
diner of the Society in June, to a 
recipient selected by the American 
Society for Engineering Education. 
This award is made possible by the 
Westinghouse Educational Founda- 
tion. 

3, Fields. Candidates may be 
teachers of any division of subject 
matter ordinarily taken by engineer- 
ing students, including, besides the 
recognized divisions and subjects of 
engineering, such subjects as English, 


} mathematics, physics, and chemistry. 


4. Requirements. In order to re- 


i” the award, a person must have 


GEORGE WESTINGHOUSE AWARD 


GEORGE WESTINGHOUSE AWARD 


185 


sults by fellow-workers, by the repu- 
tation of the nominee and the signif- 
icance of his efforts to other scientists 
and engineers in his field, and by the 
promises which his present achieve- 
ments offer for the future. A Curtis 
McGraw recipient, projected ahead to 
the height of his career, might well be 
considered as the prototype of a 
Bendix Award winner. Nominations 
should be submitted to Dean James R. 
Cudworth, Curtis McGraw Research 
Award Chairman, College of Engi- 
neering, University of Alabama, Tus- 
caloosa. Further information can be 
obtained from him or from Secretary 
Collins. 


(See page 191 for Nomination Form) 


made a clearly discernible contribu- 
tion to the art and science of teaching. 
He shall have established achieve- 
ment in several of the following ways: 


(a) Success as a teacher must be 
established both as to competence in 
subject matter and ability to inspire 
students to high achievement as dem- 
onstrated by the careers of former 
students. 

(b) Improvement of the tools of, 
and conditions for, teaching. Evi- 
dence of such achievement may con- 
sist of subject matter (textbooks, 
etc.); courses or curricula; diagrams 
and models; laboratory or other teach- 
ing equipment; and other similar ac- 
tivities. 

(c) Improvement of teaching 
through various activities, including 
the development of teachers in a de- 
partment or in other schools, testing 
or guidance programs, promotion of 
co-operation with other types of edu- 
cational institutions or with industry, 


: 
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development of testing and guidance 
programs, and the co-ordination of 
fields of subject matter. 

(d) Evidence of creative ability, 
scholarly contributions to literature, 
significant honors, etc. 


The award has been established to 
encourage younger men who show by 
their past record evidence of continu- 
ing activity as superior teachers and 
who are in the process of carrying on 
projects for the improvement of teach- 
ing in engineering. To them the 
award may serve not only as a reward 
but as an incentive toward further 
work which the funds might make 
possible. 

To accomplish this intent, it is 
deemed essential to limit the award 
to those who have not reached the age 
of 45 before the July Ist of the year of 
presentation of the award. 


THE JAMES H. McGRAW AWARD IN 
TECHNICAL INSTITUTE EDUCATION 


The James H. McGraw Award in 
Technical Institute Education is made 
to recognize outstanding service in 
technical institute education. This 
growing educational movement is a 
part of the broad tertiary level of in- 
struction that prepares engineering 
technicians for the present-day engi- 
neering team. Encompassed within 
the expanding field of engineering, 
technical institute education empha- 
sizes the use of rational processes and 
the application of science and mathe- 
matics in programs of post-high school 
training. Instruction in technical in- 
stitute education lies between highly 
theoretical professional engineering 
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5. Committee on Awards. Ty 
award will be made upon the recg. 
mendation of a Committee on Away 
the members of which are appoints 
by the President of the American \ 
ciety for Engineering Education. (y 
of the proper functions of this Cop 
mittee is to develop criteria for jud 
ing outstanding teaching. 

6. Nominations. Nominations my 
be made by any person, organizatin 
or group other than members of tk 
Award Committee. Nominations wil 
be received up to March 1 of the yer 
in which the award is to be presented 
Nominations are to be made on fom 
available from W. Leighton Collix 
Secretary of the Society, University 
Illinois, Urbana, IIl., and from men- 
bers of the Committee. Nominations 
should be sent to the Chairman of th 
Committee and must be accompaniel 
by documentary evidence supportin 
major statements and claims. 


studies and artisanship training. | 
integrates the “why” with the “how. 

The Award is made under the fol 
lowing general conditions: 


1. Fields. Candidates may lk 
teachers, authors, or administratos 
who are, or have been, affiliated with 
an institution which offers or sponsor 
training of the technical institute type 

2. Requirements. In order to tt 
ceive the award a person must have 
made a clearly discernible contribu: 
tion to technical institute education 
He shall have established achievemett 
in one or more of the following 2 
tivities: 
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Oct., 1956 JAMES H. McGRAW AWARD 

(a) Teaching. (Evidence of out- 
standing subject-matter competence, 
student guidance, course develop- 
ment, etc. ) 

(b) Publications. (Textbooks, ar- 
ticles, reports, bulletins, tests, etc., in 
the field of technical institute educa- 
tion. ) 

(c) Administration. (Outstanding 
contributions to curriculum develop- 


' ment, cooperation with industry, stu- 


dent selection and placement, build- 
ings and facilities, etc. ) 

(d) Other activities. (Participa- 
tion in technical institute studies and 
surveys, leadership in appropriate lo- 
cal and national technical institute 
groups, etc. ) 


3. The Award. An annual award 
of the sum of $500 and an appropri- 
ately engraved certificate is to be 
given at the annual dinner of the 
Technical Institute Division of the 
American Society for Engineering 
Education in June. This award is 
made possible by the McGraw-Hill 
Book Company in memory of James 
H. McGraw. 
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4. Nominations. Nominations may 
be made by any person, organization, 
or group other than members of the 
Award Committee, or employees of 
the McGraw-Hill Book or Publishing 
Companies. Members of the commit- 
tee, in any capacity, are not eligible 
to receive the award. No award shall 
be made if in any given year, in the 
opinion of the committee, the nominees 
do not qualify for the award. Nomina- 
tions will be received up to March 1, 
1957. The committee shall disregard 
all nominations and material concern- 
ing nominees received after the clos- 
ing date of March 1. Nomination 
forms may be secured by writing to 
Mr. K. O. Werwath, Chairman of the 
Technical Institute Division, ASEE, 
Milwaukee School of Engineering, 
Milwaukee, Wisconsin, or to Mr. L. 
V. Johnson, Chairman of the James 
H. McGraw Award Committee, South- 
ern Technical Institute, Chamblee, 
Georgia. Nominations are to be sub- 
mitted to the chairman of the com- 
mittee and must be accompanied by 
documentary evidence supporting all 
statements and claims. 


CHEMICAL ENGINEERING FACULTIES 1956-1957 


The Chemical Engineering Projects Committee of the American 
Institute of Chemical Engineers has published its annual booklet, 
“Chemical Engineering Faculties, 1956-1957.” Citing the schools 
and departments offering chemical engineering in the United States 
and Canada, the brochure contains information about accreditation, 
degrees granted, the names and rank of the faculty members, and 


placement officers. 


This 49-page list can be obtained without 


charge from the Executive Secretary, American Institute of Chem- 
ical Engineers, 25 West 45th Street, New York 36, N. Y. 


| | 


Members have requested that the application blank be reproduced mop 
often, so that it could be available for potential new members. According) 
it is printed below. 


APPLICATION FOR MEMBERSHIP 


Date 


I desire to become a member of the American Society for Engineering Edy} pyll ; 
cation and hereby agree to conform to the requirements of membership, i 


elected, and submit the following statement of qualifications: Addre 
Name Date 
Print last name First Middle 
Prese 
Mailing address Farne 
City and State dat 
Full title of Hono 
professional position 

Title Department 
Institution — poss 
Degrees and names of institutions granting wae 
infor 
Sponsors ate tl 
L 
stude 
subje 

Desired Division Affiliation 
to th 

To be signed by two sponsors, members of ASEE, and returned to 

W. L. Collins, Secretary, ASEE, University of Illinois, 3. 
Urbana, III. fester 
ete. ) 
are h 
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AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


Nomination Form 


LAMME AWARD 
IN 
ENGINEERING EDUCATION 
1957 
Date 
Full name of nominee 
Address 


Date and place of birth 


Present position (s) 


Earned degrees, institution, ......... 


date and field _ 


Honorary degrees, institution 


Basis for nomination 


Submit on separate sheets, as much information as you can regarding the 
achievements and contributions of the nominee. It is helpful to have more 
information than is usually given in a who's who biography, in order to evalu- 
ate the effectiveness of the candidate’s contributions. 


1. Record as a teacher. (Evidence of superior teaching and guidance of 
students as demonstrated by records of former students, indications of unusual 
subject matter competence, etc. ) 


2. Improvements of the tools of teaching and other activities contributing 
to the improvement of teaching. 


3. Evidence of high intellectual capacity. (Brilliance of mind as mani- 
fested by contributions to literature, research, degrees and honors received, 
etc.) A few letters of recommendation from colleagues and former students 
are helpful. They should be brief. 
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the work of ASEE and to other engineering societies. 


Nomination prepared and presented by 


Institution 


Engineering, University of Colorado, Boulder, Colorado. 


THE LAMME AWARD 


The Committee on Lamme Award is always anxious to get 
nominations for the Award from the membership of the Society. 
Any member may place a name in nomination; the selection will be 
made by the Committee by letter ballot. 


The Lamme Award consists of a gold medal and bronze replica 
bestowed annually upon a distinguished engineering educator for 
excellence in teaching and contributions to the art of teaching; con- 
tributions to research and technical literature; achievements which 
contribute to the advancement of the profession; and engineering 
administration. The Lamme Trust Fund was established in mem- 
ory of Benjamin Garver Lamme in 1928. For a brochure describing 
the Award and a nomination form, please write to the Secretary 
of the Society, W. Leighton Collins, University of Illinois, Urbana, 
Illinois, or to members of the committee. 


Nominations should be sent to the Chairman of the Committee, 
Dean C. L. Eckel, College of Engineering, University of Colorado, 
Boulder, Colorado, by February 1, 1957. 


4, Administrative achievements in his own institution and contributions 


Return this blank betore February 1, 1957, to Dean C. L. Eckel, College ¢ 


Addr 
Date 
Prese 
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AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
Sponsored by the Westinghouse Educational Foundation 


Nomination Form 
GEORGE WESTINGHOUSE AWARD 
IN 
ENGINEERING EDUCATION 
1957 


Date 


Full name of nominee 


Address 


Date and place of birth 


Present position (s) 
Earned degrees, institution, 
date and field 


Honorary degrees, institution 


Basis for nomination 


Submit on separate sheets, the statements and evidence testifying to the 
achievements and contributions of the nominee. Each claim must be sup- 
ported by attached documentary evidence and/or by reference to published 
or other material which is not feasible to include. The supporting evidence 
must be arranged in accordance with the following outline. Remember that 
most of the committee will not be personally acquainted with the nominee. 

1. Record as a teacher. (Evidence of superior teaching, stimulation, and 
guidance of students.) This qualification is not met by mere skill in classroom 
exposition or unusual subject matter competence. It involves demonstrated 
achievement in the development of young men to the place where they accept 
the challenges and responsibilities of the engineering profession. Present as 
complete a record of his teaching career as possible. (Letters of recommenda- 
tion from colleagues and former students are important, but should be brief 
and limited to not over a dozen. ) 

2. Improvements of the tools of teaching. (Textbooks and student notes, 
descriptions of special courses or curricula, diagrams and models, new labora- 
tory and teaching equipment, etc.) Include reference list of this material. 
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3. Other activities contributing to the improvement of teaching. ( Materij 
relating to the development of teachers in the nominee’s department or teach 
ers in general, the development of testing and guidance programs for student 
the promotion of cooperation with other types of educational units or with 
industry, coordination of fields of subject matter, etc. ) 


4, Evidence of high intellectual capacity. (Brilliance of mind as mani} 


fested by creative work, contributions to literature, degrees and _honoy 
received, etc. ) 


Nomination prepared and presented by 


Return this blank before March 1, 1957, to Professor R. S. Paffenbarger, 
Chairman, George Westinghouse Award Committee, Department of Engineer. 
ing Drawing, The Ohio State University, Columbus 10, Ohio. 
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SECTION MEETINGS 


Section 
Allegheny 


Illinois-Indiana 


Kansas-Nebraska 


Michigan 
Middle Atlantic 
Missouri-Arkansas 


National Capital 
Area 


New England 
North Midwest 


Ohio 


Pacific Northwest 


Pacific Southwest 


Rocky Mountain 


Southeastern 


Southwest 


Upper New York- 
Ontario 


Location of Meeting 
Pennsylvania State 
University 


Northwestern 
University 


Kansas State College 


General Motors 
Institute 


The Cooper Union, 
New York City 


University of 
Arkansas 

National Science 
Foundation 

Tufts University 


Minneapolis, Minn. 


University of Toledo 


Washington State 
College 


University of Arizona 


Brigham Young 
University 


Brown Hotel 
Louisville, Ky. 


Texas A. & M. 
College 


Union College 


Dates 
April 26-27, 
1957 


May 17, 1957 


Oct., 1957 


May 4, 1957 


Dec. 1, 1956 


April 6, 1957 


Oct. 2, 1956 


Oct. 19-20, 
1956 


Oct., 1957 


April 26-27, 
1957 
May, 1957 


Dec. 27-28, 
1956 


April 27, 1957 
April 4-5, 
1957 


April 18-19, 
1957 


Oct. 13-14, 
1956 


Chairman of Section 

B. A. Whisler, 

Pennsylvania State 
University 

O. W. Eshbach, 

Northwestern 
University 

K. Razak, 

University of Wichita 

C. L. Fanning, 

General Motors 
Institute 

G. B. Thom, 

Newark College of 
Engineering 

L. R. Heiple, 

University of Arkansas 

W. J. Huff, 

University of 
Maryland 

W. S. Evans, 

University of Maine 

P. Cartwright, 

University of 
Minnesota 

E. D. Harrison, 

University of Toledo 

M. C. Jenson, 

Washington State 
College 

D. Whelan, 

Loyola University 
of Los Angeles 

B. Brown, 

Brigham Young 
University 

M. Baker, 

University of 
Kentucky 

E. M. Thomas, 

Texas Western 
College 

W. H. Branch, 

General Electric Co. 

R. B. Russ, 

Union College 


Members of the Society are welcome at all Section Meetings 


ix 


ASEE CALENDAR OF EVENTS, 1956-1957 


Meeting 


National Capital 
Area Section 


Upper New York- 
Ontario Section 


New England 
Section 


Middle Atlantic 
Section 


Pacific Southwest 
Section 


Relations With In- 
dustry Division, 
College-Industry 
Conference 


Cooperative Engi- 
neering Education 
Division 

Engineering Drawing 
Division 

Missouri-Arkansas 
Section 

Southwest Section 

Allegheny Section 

Ohio Section 

Rocky Mt. Section 

Southeastern Section 

Michigan Section 

Pacific Northwest 


Section 


Illinois-Indiana 


ASEE ANNUAL 
MEETING 


Date 
Oct. 2 


Oct. 13-14 


Oct. 19-20 


Dec. 1 


Dec. 27-28 


Jan. 30-31 


Jan. 10-11 
Jan. 30-Feb. 1 


April 6 
April 18-19 
April 26-27 
April 26-27 
April 27 
April 4-5 


May 4 
May 
May 17 


JUNE 17-21, 
1957 


Location 


National Science 
Foundation 


Union College 


Tufts University 


Cooper Union 


University of 
Arizona 


University of 
California 
(Los Angeles) 


Northeastern 
University 


Rice Institute 


University of 
Arkansas 


Texas A. & M. 
College 


Penn State University 
University of Toledo 
Denver University 
Brown Hotel 
Louisville, Ky. 
General Motors 


Institute 


Washington State 
College 


Northwestern U. 


CORNELL 
UNIVERSITY 


x 


Chairman or 
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| In construction. . 


Only at Allis-Chalmers can your 
graduates find all these broad 
career possibilities — growth 
with all the world’s basic indus- 
tries... wide range of products 
...choice of training assign- 
ments. . . professional advance- 
ment...opportunities in a 
variety of engineering fields. 


A-C’s Graduate Training 
Course allows them to develop 
engineering skill through ap- 
plication of theoretical knowl- 
edge. For example: 


ELECTRICITY — transformers, 
motors, generators. 


THE COURSE — Offers maximum 
of 24 months training. Estab- 
lished in 1904. Recognized as 
a model for industrial training 
courses since that time. 


OBJECTIVES — Program is de- 
signed to put the right man in 
the right job and develop men 
of management caliber. 


Graduates can 
build “Tomorrow” 


at 


Allis-Chalmers 


THERMODYNAMICS — steam tur- 
bines, internal combustion 
engines. 


HYDRAULICS — hydraulic tur- 
bines, centrifugal pumps. 


These, and many more, make 
up a course designed to develop 
the industrial leaders of the fu- 
ture in research, engineering, 
production and sales. 


Get more information from 
the Allis-Chalmers representa- 
tive visiting your campus, or 
write Allis-Chalmers, Graduate 
Training Section, Milwaukee 1. 
Wisconsin. 


A-5025 


OPTIONAL PROGRAM — Trainee 
plans own program and may 
revise it with changing inter- 
ests. Competent counselors are 
always available. 


RESULTS ~ Many members of 
Allis-Chalmers management 
team are graduates of this out- 
standing program. 


xi 
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A COMPLETE 
PRINTING 
SERVICE . . . 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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Boeing 


xiii 


offers 


long-range 


engineering careers 


Scores of Boeing engineers today are 
enjoying intriguing and rewarding 
careers because of sound advice 
given them 10, 15 or 20 years ago by 
their college professors and place- 
ment officers. 


Today your students will find in 
aviation—and Boeing —still greater 
opportunity and growth potential. 

Boeing today employs more engi- 
neers than at the peak of World War 
II. One out of each seven employees 
isan engineer! And stability has long 
marked an engineering career here. 
Forty-six per cent of Boeing engineers 
have been with the company for more 
than five years; 25% for more than 
10 years; 6% more than 15 years. 
There are a number with 20, 25 and 
even 30 years’ service. 


What kind of work does Boeing 
offer? Opportunity lies in three basic 
areas: Research, Design and Produc- 
tion. Programs include multi-jet 
bombers, America’s first jet transport, 
the Bomarc pilotless aircraft guided 
missile system; application of nuclear 
power and supersonic flight. 


Boeing is continually seeking en- 
gineers of ability—electrical, civil, 
mechanical, aeronautical and related 
fields, as well as physicists and mathe- 
maticians with advanced degrees. 


Engineers are encouraged to take 
daytime graduate studies during 
working hours and are reimbursed 
for all tuition expenses. May we send 
you—or any of your students—ad- 


ditional information about engineer- 


ing careers at Boeing? Just write: 


JOHN C. SANDERS, Staff Engineer — Personnel, 
Boeing Airplane Company, Seattle 14, Wash. 
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get one or all 
OF THESE 11 FREE CATALOGS 

TO COMPLETE YOUR TESTING MACHINE 
REFERENCE FILE 


This set of Riehle catalogs 
covers the line of Riehle Testing 

Machines that can help solve your materials testing 
problems. Check coupon for the catalogs you want and we'll 
send them promptly, without obligation. 


e TESTING 
Ri e h le MACHINES 
American ad Metals, Inc. 


EAST MOLINE, ILL. 
“ONE TEST 1S WORTH A THOUSAND 


CHECK, CLIP OUT AND ATTACH TO YOUR LETTERHEAD 
RIEHLE TESTING MACHINES ( TORSION TESTING MACHINES 
Division of American Machine 
and Metals, Inc. CREEP TESTING MACHINES 
Rept. Moline, BRINELL HARDNESS TESTERS 
Send me catalogs on these Riehle 

VICKERS HARDNESS TESTERS 
PORTABLE HARDNESS TESTERS 


machines: 

UNIVERSAL HYDRAULIC TESTING 
CABLE AND WIRE TESTERS 
IMPACT TESTING MACHINES 


MACHINES AND ACCESSORIES 
TESTING MACHINES GUIDE 


~UNIVERSAL SCREW POWER TESTING 


MACHINES AND ACCESSORIES 


(1) CONSTRUCTION MATERIALS TESTING 
MACHINES AND ACCESSORIES 
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‘TAKE SHORT STEPS” 


Bell Laboratories’ Dr. J. W. Fitzwilliam adjusts 
a waveguide feed to a parabolic dish reflector. 
Dr. Fitzwilliam, who has a Ph.D. in physics 
from Massachusetts Institute of Technology, 


The giant microwave highway that 
carries your TV programs along with 
telephone conversations from coast to 
coast has a versatile new partner—an en- 
tirely new microwave system which was 
created, and is now being developed, at 
Bell Laboratories. The new system op- 
erates at 11,000 megacycles—a much 
higher frequency than ever before used 
in telephone service. 


Bell’s present microwave systems — 
operating at 4000 megacycles—were de- 
signed for heavy traffic and long dis- 
tances. The new system is designed 
especially for lighter traffic and shorter 
distances — up to 200 miles. Its traffic 
capacity is extremely flexible. Depending 
on traffic needs, the system can provide 
only one one-way or as many as three two- 
way broadband channels. Each two-way 
channel can carry 200 telephone conver- 
sations simultaneously or one television 
program in color or black and white in 
each direction along a route. The new 
system, which is now being operated ex- 
perimentally, will be valuable in pro- 


leads the practical development of Bell’s new 
11,000-me. system. Components had to be spe- 
cially developed to operate in a frequency band 
not previously utilized. 


viding additional telephone service and 
TV programs for cities in remote areas. 


This is another example of how re- 
search and development work at Bell 
Telephone Laboratories help the Bell 
Telephone System to serve you better. 


Mr. L. C. Tillotson, who originated the new 
system, adjusts the klystron-isolator combina- 
tion which made the system feasible. Mr. Tillot- 
son, an M.S. from the University of Missouri, 
heads research in microwave applications. 


1956 
kj 
& BELL TELEPHONE LABORATORIES 
\\ 
WORLD CENTER OF COMMUNICATIONS 
o> 
RESEARCH AND DEVELOPMENT 


The growing list of research and develop- 
ment laboratories now using computers testifies to 
the need for men who are familiar with electronic 
computation techniques. Every graduate who has this 
training possesses a definite advantage over the engi- 
neer who must learn in the field, as best he can. His 
opportunities for personal growth and the contribu- 
tion he makes to his project are greatly enhanced 
by early computer training. 


Surprisingly low in cost, the Bendix G-15 
is ideal for training purposes. Unique programming 
methods enable the beginner to operate the computer 
within a few days. As his experience broadens, he 
learns progressively advanced techniques, until he 
has mastered the most refined subtleties of skilled 
programming. As a bonus, an inexpensive accessory 
enables the G-15 to operate as a digital differential 
analyzer. Those who desire a more complete com- 
puter training program will find this feature 
especially important, since the G-15 and the DDA 
accessory cost less than almost any general purpose 
machine or DDA alone. 


Experienced Bendix personnel will be 
pleased to consult with you in setting up course pro- 
grams for computer training. Your letterhead, or the 
coupon will bring more information on the G-15 
and its special abilities as a training tool. 


BENDIX COMPUTER DIVISION—BENDIX AVIATION CORPORATION 
: 5630 Arbor Vitae Street, Los Angeles 45, California 


Please send me more information on Bendix G-15 : be 
Computers and their use as a training tool. : : 
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Refining metals to perfection 


PROBLEM IN PURITY 


ENGINEERS AT WESTINGHOUSE FACE CREAT| 
CHALLENGES LIKE THIS EVERY DAY 


Preparing superpure titanium and other hard-i 
get metals was a tough problem, but Westinghou 
scientists solved it. Their method, called cag 
zone refining, uses an unusual method to met 
bar of metal while the metal acts as its own cn 
ble, preventing contamination by a container. 
Westinghouse offers your students the opp 
tunity to work on similar stimulating, challengi 
projects. There are tremendous career opportuniti 
at Westinghouse, where the big expansion progr 
means real chance for growth and progres { 
Electrical, Mechanical, Chemical or Industri 
Engineers, Physicists, Mathematicians 
Metallurgists. 

In this one diversified company, a graduate 
do the kind of work he prefers . . . in the field of} 
choice—radar, decision devices, automation, ¢l 
tronics or nuclear energy. There’s plenty of r 
at Westinghouse to move around—and up! 
Million-dollar Educational Center offers a ca 
plete training program, and Master’s and Phi 
degrees can be earned at company cost at: 
colleges and universities. 

Make dates for your graduate now with 
‘Westinghouse Interviewer, who will be on camp 
soon. Meanwhile, write for Finding Your Plax 
Industry, and Continued Education in Westingho 


G-10300 


Westinghouse 
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RONALD 


SUBSTRUCTURE ANALYSIS and DESIGN 


Paul Andersen, University of Minnesota 


SECOND EDITION. Emphasizes the viewpoint of the designing 
engineer rather than that of the soil technician or construction engi- 
neer. Design methods and procedures are thoroughly covered, and 
theory is developed largely by application to practical design prob- 
lems. This new book covers: evaluation of lateral earth pressures; 
flexible bulkheads; soil bearing power; current practice in footing de- 
sign, piles, and groups of piles; dock and breakwater design; etc. 
Many new problems throughout. 299 ills., tables; 336 pp. 


STRUCTURAL DESIGN 
| in REINFORCED CONCRETE 


Clifford D. Williams, Patchen and Zimmerman; and 
Charles E. Cutts, University of Florida 


CONCENTRATES on general design principles without detailed 
analyses of their application to complex structures. Formulas are 
derived and used continuously; problems are developed from strength 
of materials concepts. Contains special sections on construction 
methods, pre-stressed concrete, design of circular tanks, compression 
and bending in two directions. ‘‘... each design is approached 
from a fundamental viewpoint and developed from basic con- 
cepts. . .’’—Midwest Engineer. 711 ills., tables; 308 pp. 


ELEMENTS of STRUCTURAL ENGINEERING 


Ernest C. Harris, Fenn College 


APPLIES principles of structural engineering in terms of examples 
and problems faced by the non-civil engineer. Engineering funda- 
mentals inherent in the original design of buildings are highlighted 
by analyzing the effect of new electrical and mechanical equipment 
on safety. Appendices include tables of section properties, load 
data, and symbols. . affords a thorough grounding in mechan- 
ics and analysis ... there are hardly any (books) which cater so 
well to the beginner. . . .’’—Highways and Bridges and Engineer- 
ing Works. 428 ills., tables; 505 pp. 


SLIDE RULE PROBLEMS 


With Operational Instructions 


Philip J. Potter, Edward O. Jones, Jr., and Floyd S. Smith, 
all of Alabama Polytechnic Institute 


SEPTEMBER, 1956. This large selection of slide rule problems 
provides the engineering student with enough practice material to 
acquire facility in the use of his most basic tool—the slide rule. Pre- 
ceeding the problems are nine short text sections on slide rule opera- 
tions, with numerous example problems. The section on dimensional 
analysis has been included because of its importance in engineering. 
All pages are perforated. 191 pp. 


THE RONALD PRESS COMPANY ® 


15 E. 26th St., N. Y. 10 
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The UNIVERSITY SERIES 
in HIGHER MATHEMATICS 


PROBABILITY THEORY 
by Micuet Love, University of California 
532 pages 
GENERAL TOPOLOGY 
by L. University of California 
298 pages 
LECTURES IN ABSTRACT ALGEBRA 
by Natuan Jacosson, Yale University 
VOLUME I. Basic Concepts. 217 pages $5.75 
VOLUME II. Linear Algebra. 292 pages $6.50 


AN INTRODUCTION TO 
ABSTRACT HARMONIC ANALYSIS 


by Lynn H. Loomis, Harvard University 
210 pages 
INTRODUCTION TO METAMATHEMATICS 


by S. C. Kieeneg, University of Wisconsin 
550 pages 


MEASURE THEORY 
by Paut Ricwarp Hatmos, University of Chicago 
320 pages 


ANALYTIC THEORY OF 
CONTINUED FRACTIONS 


by H. S. Watt, University of Texas 


- 


Announcing 


The UNIVERSITY SERIES 

in UNDERGRADUATE MATHEMATICS 

This new series is designed to provide current, fundamental texts in 
the major areas of undergraduate mathematics. The editorial board 
includes Joun L. KEtuey, University of California, Chairman, and Pau 
Ricwarp Hatmos, University of Chicago. 
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REFRIGERATION & AIR CONDITIONING, 


2nd Edition 


By RICHARD C. JORDAN, University of Minnesota, and GAYLE 
B. PRIESTER, Baltimore Gas & Electric Co. 


Here is a thorough revision of the 
best-selling text that has been 
adopted in virtually every engineer- 
ing school in the United States. Its 
revisions include: inclusion of modern 
developments, new illustrations of 
modern equipment, more complete 
data on Freon-22 and brines plus 
expanded material on psychometry 


App. 576 pages. 


6” z g” 


and helium liquefaction, latest re- 
vised table of refrigerants, new section 
on residential air conditioning and 
new material on capillary tubes and 
air cycle refrigeration. Book is teach- 
able and flexible, answers to half the 
problems are given, there are many 
new illustrations and a wealth of 
references. 


To be published October 1956 


SURVEYING: An Introduction 
to Engineering Measurement 


By ADRIAN R. LEGAULT, HOWARD M. McMASTER, and RALPH 
R. MARLETTE, Department of Civil Engineering, University of Ne- 


braska : 


Logically divided into three parts, this 
new text covers: The Engineer and 
Surveying, Measurements, and A 
plications. Part I—Historical back- 
‘ound and brief descriptions of the 
rn types of surveys lead to the 


early coverage of fundamentals of 
measuring and computation including 
error theory. Part II—Basic Opera- 


In THE PRENTICE-HALL Crvit ENGINEERING SERIES 
Edited by N. M. NEwMarkK 


App. 448 pages 


6" 29" . 


tions, instruments and techniques in- 
volved in measuring distance, direc- 
tion and elevation are discussed in 
detail. Field adjustments of instru- 
ments outlined. Part I[1I—Coordina- 
tion and stress of the application of 
the basic material covered in Parts I 
and II, 


To be published October 1956 


MATERIALS OF ENGINEERING 
By CARL A. KEYSER, University of Massachusetts 


Emphasizing practical applications, 
this new text offers a fully integrated 
presentation of the properties, fab- 
rication, uses and testing of all the 
ordinary materials in engineering use. 
OUTSTANDING FEATURES: Uses 
solid state concepts insofar as they 
can be applied in a descriptive non- 
mathematical way. Material is ar- 


App. 480 pages . 


55%" z 834" 


ranged logically for suitable use in 
different courses. Clear, concise sum- 
maries, carefully chosen questions 
with problems at end of each chapter. 
Tells how properties of materials limit 
selection of processing methods. De- 
scribes how different processin 
methods affect service properties o 
various materials. 


Publ. September 1956 


For approval copies unite 


* all ENGLEWOOD CLIFFS 
= 7, KC. NEW JERSEY 
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A monumental contribution to modern civil engineering ... 


AMERICAN CIVIL ENGINEERING PRACTICE 
IN THREE VOLUMES 


Editor-in-Chief, ROBERT W. ABBETT, 
Partner, Tippetts-Abbett-McCarthy-Stratton, Engineers 


These new volumes provide the fundamental principles, procedures, and data ot 
contemporary civil engineering. Prepared by leading authorities in the field, they 
are designed to replace Merriman’s famous American Civil Engineers’ Handbook. 
They give students useable, concise information in all phases of the subject, with 
many illustrations from current practice. 


VOLUME I 


Metropolitan and Community Planning (7. T. McCrosky, V. de Pasciute). Surveying 
(G. D. Whitmore, S. A. Bauer, T. Pryor, L. G. Simmons, M. M. Thompson). Traffic 
Engineering (7. 7. Fratar, T. M. Matson). Highway Engineering (W. 7. Cox, 4. W. 
Bushell). Airport Engineering (P. Moore). Railroad Engineering (W. W. Hay), 
Soil Mechanics and Site Examination (W. M. Angas, C. S. Proctor). Foundations 
(W.M. Angas, C. 8. Proctor). Earthwork and Dredging (W. M. Angas, C. S. Proctor). 
Tunnels (0. Singstad, D. Baillie). Mathematical Tables. 1956. 1026 pages. $15.00. 


VOLUME Il 


Hydraulics and Pumping (7. G. Woodburn). Hydrology (W. W. Horner). Dams 
(W. P. Creager, B. O. McCoy). River Engineering (G. H. Mathes, F. H. Stratton). 
Hydroelectric Power (W. P. Creager, E. B. Strowger). Irrigation and Land Drainage 
(D. P. Barnes). Public Water Supply (R. Hazen). Sewerage and Sewage Disposal 
(Metcalf & Eddy). Refuse Collection and Disposal (R. Eliassen). Harbor Engineer- 
ing (R. W. Abbett, E. E. Halmos, F. H. Stratton, Z. Levinton, M. Grushky, F. R. Ayers, 
R. C. Stokes). 1956. 956 pages. $15.00. 


VOLUME Ill 


Theory of Structures (C. O. Dohrenwend, R. H. Trathen, G. H. Lee). Masonry and 
Plain Concrete (H. Cross, P. F. Brennan). Reinforced Concrete (H. Cross, P. F. 
Brennan, R. C. Reese). Prestressed-Concrete Structures (C. C. Zollman). Footings, 
Piers, and Abutments (7. Feld). Retaining Walls (Z. Levinton, N. H. Feldstein). 
Steel Bridges (4. T. Granger). Reinforced-Concrete Bridges (N. H. Sollenberger). 
Buildings (H. D. Hauf, S. W. Crawley, A. A. E. Janke, W.W.Y. Yee). Steel Towers, 
Masts, Tanks, Bunkers, Bins; Light Gage Steel Construction (G. Winter). Reinforced- 
Concrete Chimneys, Silos, Bins, Elevators, Tanks, and Turbine Foundations (P. 
Rogers). Timber Structures (H. 7. Hansen). Earthquakes and Earthquake-Resistant 
Design (D. B. Gumensky). Ready in Fanuary. Approx. 1225 pages. Prob. $18.00. 


Send today for on-approval copies. 


See pages iii and iv for news of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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